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Give Him the Brush-off... Quick! 


resistance of ordinary steel, and is 


Dead Weight Goes, Payloads Increase When 
You Switch to Low-Alloy, High-Strength HI-STEEL 


You'll find that the cost of oper- 
ating mobile equipment tumbles 
when you switch to units made of 
Inland Hi-Steel. This remarkable 
low-alloy steel has an unusually 
high strength-to-weight ratio .. . 
nearly double the working strength 
of ordinary structural steel, with 
more than 50% greater ability to 
stand up under dynamic loads. Be- 


cause lighter sections can be used 
without sacrificing strength or safe- 
ty, Hi-Steel decreases the weight 
of your equipment. In reducing 
dead weight, payloads are substan- 
tially increased, braking loads re- 
duced, and operating costs lowered. 


You get other advantages with 
Hi-Steel, too. It has about five 


times the atmospheric corrosion 


far more resistant to abrasion. It 
can be worked hot or cold, with 
little or no change from standard 
shop practice. 


To make larger tonnages avail- 
able to you, other companies are 
licensed to make Hi-Steel. Write 
for Bulletin No. 11. INLAND 
STEEL CO., 38 S. Dearborn St., 
Chicago, I]. Sales Offices: Chi- 
cago, Daveaport, Detroit, Indian- 
apolis, Kansas City, Milwaukee, 


New York, St. Louis, and St. Paul. 


Hi-Stee! meets the requirements of SAE Specification 950 


INLAND 


HI-STEEL 


THE LOW-ALLOY, HI-STRENGTH STEEL 
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Available in Many Forms 














Bigger and Better Precision Castings 





ONVINCED, after talking with two metallurgical 

enthusiasts, that the intricate and difficult prob- 
lems posed by gas-turbine and jet-engine power 
plants will be adequately met. One of these con- 
vincing men — William O. Sweeny, of the precision 
casting sales department of Haynes Stellite Co. of 
Kokomo, Ind.— was justifiably proud of the 
extraordinarily well-equipped foundry there. Metal 
Progress published an illustrated story in Septem- 
ber of 1945 about this plant; at one month during 
the war it attained a peak production of 2,100,000 
buckets for air engine turbo-superchargers. Since 
the war the diversity of work has greatly increased; 
larger blades and buckets for gas turbines seem 
still to be the principal item, but Sweeny is enthu- 
siastically convinced that intricate castings can be 
economically made of the Stellite alloys and’ other 
high-alloy stainless analyses of superior physical 
and chemical properties, so close to dimensions 
that machining is unnecessary — likewise, that 
some of these alloys that can hardly be machined 
anyway will render unexampled service in places 
where corrosion, erosion and wear must be resisted. 
He pointed out many places in Haynes Co.'s peace- 
time foundry where new equipment and refine- 
ments in technique had been made with an eye 
toward higher dimensional precision and a higher 
degree of structural uniformity, piece to piece. 
As is to be expected, this has resulted in a more 
efficient foundry; costs have been held in check 
and product has become larger in unit size and 
more diverse. Whereas the average piece during 
the war weighed about '% oz., it is now 4 oz.; the 
largest so far in production is a generator bracket, 
weighing 5 Ib., made of Type 410 stainless. 


Highly Accurate Sand Castings 


HE OTHER dynamic gentleman, driving hard at 
the problem of better casting methods, was 
hone other than H. H. Harris (Harry to you) who 
runs General Alloys Co. of Boston. His work rests 
on the premise that highly accurate castings of 
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Critical Points 


By The Editor 


uniform and desirable structure can be made in 
sand molds when the variables existing in an 
ordinary foundry are brought to heel. Harry 
believes that the surface of a well made casting has 
such uniquely good properties that it is criminal 
to cut or grind it off. Accuracy in the casting, how- 
ever, demands accurate cavities for the hot metal, 
not only clean and accurate before pouring (and 
this involves precision molding of precise “sand” 
mixes, probably cohering because of high pressure 
rather than by organic binders), but remaining 
clean and accurate during pouring (and this 
involves vastly improved nozzles, basins and gates 
arranged so metal enters the molds without swirl, 
turbulence and wash). Uniformity of product 
implies uniform grain size, and this in turn 
requires pouring temperatures constant to 5° F., 
beginning to end, and speed of pouring regulated as 
through a needle valve. (Perhaps the composition 
may be adjusted to give a little more leeway in 
this respect.) Quick solidification gives the fine 
grain size desirable for many engineering castings; 
this in turn depends on a narrow balance between 
heat entering the cavity (volume of liquid metal) 
and leaving through the mold walls. Heat extrac- 
tion can be regulated by the heat conductivity of 
the sand or sand-graphite mold mixtures, by chills, 
or by dielectric heating at radio frequencies. .... . 
All this sounds so complicated, but when each of 
the component parts of a complicated problem is 
separated, studied, and the questions solved one 
by one, there is a good chance that they can be 
re-assembled in a working combination and with 
results the skeptic can hardly believe. 


The Super-Duper Alloys 


HE ABOVE remarks about metals for gas tur- 

bines apply to alloys of the relatively common 
metals (chromium, cobalt, tungsten, molybdenum 
and the not-so-common columbium), and to parts 
intended to operate at temperatures up to perhaps 
1700° F. But when you get to thinking of nuclear 
power plants and the unlimited temperatures pos- 
sible in their “reactors”, you start to wondering 














what you will build them of when you run out of 
metals. “Metal oxides” might be the glib answer, 
although the familiar ceramics are lacking in the 
strength and toughness we desire. For parts 
requiring strength there are still-to-be-discovered 
possibilities in hollow, air-cooled parts made of 
powdered oxides cemented with refractory metals; 
for other structural elements requiring highest heat 
conductivity (the equivalent of boiler tubes) mate- 
rials without porosity are indicated. Structural 
parts in reactors must also have the further ability 
to resist intense radiation of neutrons and gamma 
rays; these affect the metals in the same way as 
the introduction of embrittling impu- 
rities, according to the meager infor- 
mation publicly available. At any rate 
one can well believe Cyril Smith’s 
remark: “Metallurgy is the bottleneck 
holding back atomic power plants — 
and you can quote me.” (As a mem- 
ber of the main advisory committee to 
the U. S. Atomic Energy Commission, 
he is in a position to know.) Cer- 
tainly there would be small argument 
if the words “engineering” or “high 
temperature” were substituted for 
“metallurgy” in Cyril’s remark; atomic power 
plants appear to need a great deal of high-grade 
engineering rather than new discoveries in fun- 
damental physics and thermodynamics. 


Roadblocks to Engineering Progress 


NFORTUNATELY there exist some roadblocks 

in the way of high-grade engineers that stop 
any well-meaning effort to be helpful in any 
problems involving nuclear energy. Independent 
work (outside of projects sponsored by the Atomic 
Energy Commission) is all but impossible because 
many of the elements of the problem are unknown 
to the would-be researcher — still are held to be 
“top secret”. (The fundamental science is fairly 
widely known; the engineering, technology, and 
operational problems constitute the “secret” of 
the atomic bomb, and unfortunately “metallurgy” 
has been classed as “technology” rather than as 
“science”.) Work within the Commission’s lab- 
oratories also repels many who decline to be 
limited by that compartmentalization carried over 
from wartime, or who, remembering the stink- 
bomb thrown at Doctor Condon of the Bureau of 
Standards, are shy of exposing themselves defense- 
less to the reckless accusations of petty politicians 
and faceless slanderers, jealous enemies and 
stooges. Yet something positive must be done to 
bring the best brains of America to bear on this 


METAL SHOW 
PHILADELPHIA 


problem, else Americans will fail to maintain “the 
real core of national security — our present lead 
in science, engineering and technology, our present 
rank in progress and achievement”. 

These words were spoken by Commissioner 
Waymack during one of the meetings of a three. 
day conference arranged by the Atomic Energy 
Commission for engineering editors. In New York. 
Washington, and Oak Ridge we talked with , 
dozen departmental and divisional heads, and the 
Editor of Metal Progress, at least, was gratified 
that such a capable group of vigorous young 
executives is carrying the work forward. From 
many statements, direct and indirect, 
it is clear that these men are quite 
alive to the apparent conflict between 
the paramount requirement of 
“national security”, imposed upon 
the Commission by national statute 
(lacking an effective international 
control), and the need of getting 
many independent and ingenious 
minds to approach unsolved prob- 
lems from as many different angles 
as possible. The conflict is really 
between official secrecy regarding 
military applications of science and that freedom 
of inquiry which is necessary for the continued 
growth of science. This conflict will never be 
resolved so long as the official and legal definition 
of “security” is synonymous with “secrecy”. Here 
is where individual metallurgists and engineers 
can bring some influence to bear, as citizens, on 
the lawmakers. 


Some International Progress 


N THESE conferences a most satisfying impres- 

sion was carried away from a lengthy session with 
Frederick H. Osborn, American representative on 
the United Nations Atomic Energy Committee, 
wherein he described the two years of effort to 
reach international agreement on the control of 
atomic energy. Despite the impasse now existing 
in this work, Mr. Osborn was far from discouraged 
over the outlook, since all nations represented 
(other than Russia and her satellites) had agreed 
on a general plan and many of its details, a plan 
adjudged to be workable, fair to all, not dominated 
by the United States or any other single nation. 
In Mr. Osborn’s opinion, a major advance was 
registered when all nations represented except the 
Russian had accepted the principle that national 
sovereignty must be secondary to world-wide 
atomic control. These principles, he held, repre 
sented a notable improvement over the original 
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American proposal, and contained the fundamen- 
tals of a successful international agreement. 
Readers of Metal Progress, month by month, 
are acquainted with the main course of these 
negotiations through brief quotations from original 
documents; for a complete summary they can buy 
for 49¢ a 250-page State Department book, “Inter- 
national Control of Atomic Energy”, from the 
Superintendent of Documents, U. S. Government 
Printing Office in Washington. 


Technical Papers for the Convention 


OMETHING of an innovation will be found in 

the editorial matter draped around the frac- 
tional advertising pages in the back of this issue. 
In the past, Metal Progress has avoided reproduc- 
ing material in any form that would later appear 
in Transactions, on the basis that all ASMembers 
would get Transactions and publication in Metal 
Progress would be a wasteful duplication. Now- 
adays, however, somewhat less than half call for 
Transactions, so a complete set of abstracts of 
convention papers — such as we shall print this 
month and next — will serve to get some informa- 
tion to the other half about the technical program 
that is being arranged for them at Philadelphia in 
October, and the volume that will be theirs for 
the asking next year. 


Sheffield Comes to Pittsburgh 


O FREQUENTLY do we read unthinking praise 

of this, that and the other foreign object that 
this (doubtless prejudiced) promoter of America 
and things American read with astonishment the 
conclusion of Prof. A. O. Rankine’s May Lecture 
before the (British) Institute of Metals. Speaking 
on “The Search for Minerals by Physical Meth- 
ods”, and recounting the extraordinary success in 
locating deep-seated oil strata, he said: 

“I am sorry to have to end this lecture on a 
note of regret. Relatively littl geophysical 
equipment has been invented and developed into 
practical form in this our own country of Britain; 
nearly all has come from abroad, especially from 
America. In my view what has most hindered 
progress has been the unavailability of the special 
materials required, and the means of fashioning 
them into the desired form. In both gravimeters 


and seismometers the most essential component 
is the metal of which the spring is made. It has 
to be as nearly as possible constant in its physical 
properties.” 
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A Note on Good Management 


N° persons read publications in their field more 
intently than editors, and this Editor is frank 
to say he admires unreservedly such “house 
organs” as Lindberg Steel Treating Co.’s After 
Hours, and Alcoa’s Aluminum News Letter. Espe- 
cially After Hours; it preaches (without appearing 
to preach) the advantages that accrue to anyone 
who applies intelligence and scientific facts to the 
art of heat treating. Some large impediments in 
this respect are pointed out in the following open 
letter from Leroy A. Lindberg to the president of 
American Iron and Steel Institute (which has its 
own house organ Steelways) : 


“What I have to say is my opinion of something 
that concerns me and thousands of men engaged in 
the metal treating industry. 

“Admittedly, I am prejudiced — but it is a fact 
that top management of a large number of steel 
consumers is unaware of how much heat treat- 
ment contributes to the success or failure of their 
product. 

“Management quite often will freely spend 
millions on buildings, machine tools and other 
manufacturing equipment. Top management will 
likewise pay excellent salaries for personnel to 
supervise the engineering and manufacturing phases 
of the production. 

“This same management pays little or no atten- 
tion to the necessary heat treating operations. Purse 
strings are drawn tight— proposed budgets are 
slashed —and the responsibility is delegated to 
some unqualified individual who has little or no 
authority. This type of management purchases the 
cheapest heat treating equipment. In a moment of 
weakness they might even seek the services of a 
metallurgist offering him a salary that would be 
sneered at by an average bartender. 

“Steel and the parts fabricated from it, in them- 
selves, are of little value. Only after proper heat 
treatment do the products contribute anything to 
our everyday living. 

“Perhaps Steelways can bring this message 
home to its readers — many of whom are managers 
who are only slightly aware of heat treating opera- 
tions, and who probably consider them a nuisance 
and a necessary evil.” 


Credit for July Cover 


NFORTUNATELY, the Table of Contents page 

of the July issue failed to give credit for the 
very striking photograph that artist Ear! Neff used 
in the design. It was taken by Ray Granquist, 
plant photographer of Fafnir Bearing Co., New 
Britain, Conn. It represents a tray of steel balls 
used for ball bearings. Side reflections give the 
appearance of facets, like gem-cut diamonds. 





Supersonics Versus Radiography 


UCH has been written in recent years about 

supersonic testing. Readers of METAL PRoGRESS 
are acquainted with this method from the early 
articles by Floyd A. Firestone and Eric N. Simons 
in the September 1945 issue. Radiographic inspec- 
tion is even better and much more widely known. 
Both methods have their advantages and short- 
comings. Supersonic testing is faster and cheaper 
than radiography, but in our experience its results 
are not as reliable. Applied together, both tend 
to give as nearly perfect results as can be expected. 
This is shown by some work on welded joints; it 
also throws light on problems discussed by Benson 
Carlin in The Welding Journal for June 1948 
(“Testing Welds With Supersonic Waves’’). 

The problem was the examination of 650 linear 
feet of butt welding in longitudinal and girth seams 
in 16 pressure containers, about 9 ft. long with an 
outside diameter of 714 ft. The wall thickness was 
', in. of low-carbon steel. All welds were tested 
by the supersonic method and the results were 
marked on blueprints for each container. 

Upon completion of the supersonic inspection, 
those portions of the welds which appeared most 
defective were singled out for radiographic check. 
Altogether about 10° of the welded seams were 
radiographed. 


By Herbert R. Isenburger 
St. John X-Ray Laboratory 
Califon, N. J. 


Of this amount about one-fifth showed a cop. 
tinuous lack of fusion throughout the length of the 
film (10 in.), whereas supersonic indicated the 
longest continuous defect to be but 3 in. A typical 
illustration of this is shown in Fig. 1 where the 
supersonic test picked out a 2-in. section between 
52% and 54% (shown as the white mark), but the 
actual defect is clearly visible for the full 10 in 

On the other hand, the white mark in Fig. 2 
locates the defects found in the supersonic method 
from 222 to 225, a distance of 3 in., while the 
radiograph shows but a few blowholes between 
218 and 219 and otherwise a perfectly sound weld 
About 10% of the sections radiographed showed 
only minor or no defects where the supersonic 
indicated serious voids. 

Thus it appears proper to check any large 
irregularities showing on the reflectoscope screen 
by a radiographic exposure, in order to make sure 
that (a) a serious defect exists, and (6b) what kind 
of defect it is. Like other nondestructive methods, 
except radiography, the supersonic instrument gives 
only an indication that something may be wrong 
but it does not show what the irregularities mean. 
For this we have to resort to X-rays or radium. 
Both methods supplement each other and assure 
good results at a minimum of expense. 6 
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By George F. Comstock 
Asst. Director of Research 
snium Alloy Mfg. Co. 
sgara Falls, N. Y. 


OR MANY YEARS it has been known that 

titanium additions tend to reduce the nitrogen 
content of steel, but there has been more or less 
confusion in regard to the influence of the titanium- 
carbon ratio—that is to say, dependence of the 
reaction between titanium and nitrogen in steel and 
the carbon content. The data presented in the 
present article may help to clarify certain aspects 
of this situation. 

First to review briefly the previous knowledge : 
J.A.Duma in 1937 Transactions of the @ reported 
that an advantage derived from less than 0.2% 
titanium in electric-melted cast steel was a low- 
nitrogen content, “seldom in excess of 0.002%”. 
It had also been found long before that, and 
reported by the present author in Journal of the 


Fig. 1 (left) and Fig. 2 (below) — Radiographic Films 
of Welds in. Pressure Vessels on Which Is Marked 


The Effect of Titanium 


on Nitrogen in Steel 















Iron and Steel Institute in 1926, that rail steel 
treated with 12 to 13 lb. of high-carbon ferro- 
titanium per ton had an average total nitrogen 
content of 0.0036% as compared with 0.0051% 
average in ordinary rails made without a titanium 
addition. Furthermore, in several heats of chro- 
mium-vanadium toolsteel, melted in an are furnace 
in 1938 by a well-known toolsteel maker, treat- 
ment with 7 lb. of high-carbon ferrotitanium per 
ton reduced the average soluble nitrogen content 
from 0.0137 to 0.0067 %. 

More recently Zapffe and Sims* showed that 
titanium is effective in preventing porosity in high- 
nitrogen steel when added to the extent of 0.8° 
or more to steel containing 0.11% carbon, 5% 
chromium, and more than 0.07% nitrogen. In the 
absence of titanium excessive porosity occurred in 
these steels in spite of the presence of 0.73% man- 

*“The Cause of Bleeding in Ferrous Castings”, by 
C. A. Zapffe; Transactions of the American Institute of 
Mining and Metallurgical Engineers, V. 154, 1943, p. 
283. “Hydrogen and Nitrogen as Causes of Gassiness 










the Extent of Apparent Defect Located by Supersonic 
Testing. In Fig. 1 the lack of fusion is far more 
extensive than indicated; in Fig. 2 the supersonic test 
gave an indication of something other than a weld defect 


in Ferrous Castings”, by C. A. Zapffe and C. E. Sims; 
Transactions of the American Foundrymen’s Assoc., 
V. 51, 1944, p. 517. 







ganese and 0.34% silicon, together with treatment 
by 0.1% aluminum (2 lb. per ton). This indi- 
cated that this porosity was not due to weak 
deoxidation, and that aluminum does not eliminate 
porosity due to nitrogen. The inefficiency of 
aluminum in controlling nitrogen seems to have 
escaped the attention of some writers who have 
assumed that aluminum, because it forms a nitride, 
could be relied on to correct certain aging and 
stress-corrosion effects in steel which are thought 
to be due to nitrogen. If such effects are found 
to be prevented by treatment of the steel with 
aluminum, it is more likely that the trouble is 
caused by oxygen rather than by nitrogen. 

Some interesting evidence of the control of 
nitrogen in steel by titanium is afforded by the 
data in a recent pamphlet on stress corrosion 
cracking (“Stress Corrosion Cracking of Mild 
Steel”, by J. T. Waber and H. J. McDonald, Corro- 


sion Publishing Co., Pittsburgh, 1947). These 
authors present the hypothesis that stress corro. 
sion cracking of steel is promoted by the soluble 
nitrogen content. The susceptibility to such crack- 
ing was evaluated by exposing specimens, stressed 
nearly to the yield point, to a strong boiling solu- 
tion of calcium and ammonium nitrates and 
observing the time required for the occurrence of 
cracks. Twenty cracks were found in Bessemer 
steel in 24 hr., one or two cracks in aluminum- 
killed, low-carbon, openhearth steels in 40 to 340 
hr., and no cracks in similar titanium steels (0.35 
and 0.44% Ti) in 3900 hr., all being tested of 
course under the same conditions. The soluble 
nitrogen in the latter steels was less than 0.0005%, 
while in the only one of the aluminum-killed steels 
on which this determination was made it was over 
0.005%. Thus a definite advantage is here demon- 
strated for the control of soluble nitrogen by 


Table I — Nitrogen Contents of Various Aluminum-Killed 


and Titanium Low-Carbon Steels 





No. 


| 


| 
| 


21 
22 | 
23 
24 
25 
26 
27 
28 





ADDED, 


None 
0.05 
0.05 
0.10 
0.15 
0.15 
0.15 


0.05 
0.05 
0.15 
0.15 
0.10 
0.10 
0.10 
None 
0.05 
0.05 
0.05 
0.10 
None 


None 
0.10 
0.05 

None 

None 

None 
0.10 
0.10 


HEAT | ALUMINUM | TITANIUM | 


| 


% | ADDED, % | C 


| 
| 


None 
None 
None 
None 
None 
None 
None 


Average of 7 heats without 


0.10 
0.10 
0.14 
0.14 
0.15 
0.15 
0.15 
0.18 
0.19 
0.20 
0.23 
0.28 
0.29 


0.30 
0.30 
0.31 
0.43 
0.43 
0.43 
0.45 
0.45 


| 0.09 | 


0.06 


0.05 
0.06 
0.04 


titanium 


| 0.06 
0.06 
0.05 





| N 


0.05 | 
0.05 | 


0.06 | 
| 0.43 


0.05 
0.05 
0.05 
0.06 
0.06 
0.05 
| 0.05 
| 0.10 
0.03 


FINAL ANALYSIS OF INGOT 


MN 
0.52 
0.42 
0.36 
0.40 
0.34 
0.45 
0.31 


0.34 
0.50 
0.32 
0.38 


0.42 
0.43 


0.40 | 
0.50 | 


0.37 
0.42 
0.40 
0.46 


| 0.05 ) 0.45 


0.06 
0.06 
0.05 
0.04 
0.05 
0.05 








0.47 
0.49 
0.46 
0.42 
0.44 
0.45 


0.05 | 0.43 
Average of 8 heats with 0.20 to 0.35% titanium 


SI 
| 0.19 
| 0.10 | 
0.09 
0.11 
| 0.11 
0.10 
0.07 


| 0.13 
| 0.17 

0.07 
| 0.10 
0.13 
| 0.10 
0.15 
0.08 
| 0.10 
| 0.14 
| 0.11 
| 0.20 
| 0.12 


Average of 13 heats with 0.05 to 0.19% titanium 


0.10 
0.13 
0.20 | 
0.14 
0.09 | 
0.10 | 
0.13 
0.10 





TI | SOLUBLE N | Tora N 


0.06 
0.05 
0.09 
0.10 
0.09 
0.11 


| 0.11 


0.09 
0.14 


0.14 | 
0.18 | 
0.19 | 
0.18 | 


0.21 | 


0.25 


0.20 | 
0.32 | 
0.30 | 


0.29 


0.33 | 
| 0.35 | 


| 
| 


| 


0.0113 
0.0145 
0.0066 
0.0149 
0.0166 
0.0135 
0.0047 


0.0117 


0.0023 
0.0090 
None 
0.0008 
0.0007 
0.0049 
0.0011 
0.0097 
0.0016 
0.0012 
0.0003 
0.0046 
0.0015 


0.0002 
0.0014 
0.0021 
0.0044 
0.0019 
0.0035 
0.0009 
0.0035 


0.0113 
| 0.0149* 


| 0.0153* 
| 0.0169 


| 0.0063 


| 0.0097 


| 0.0141* 
| 0.0067* 
| 0.0122* 
| 0.0126* 
| 0.0140 


| 0.0090 
| 0.0107 


| 0.0176* 


| 0.0109* 
| 0.0060* 
| 0.0060* 


0.0066 


0.0135* 
0.0121 


0.0196* 
0.0062 


0.0069 
0.0103* 


0.0075 


0.0107 


0.0162* 
0.0137* 


0.0065 
0.0099* 





0.0022 


| 


0.0109 








*About 0.2% nitrogen was added to these heats as NaCN after 
tion with aluminum. 


deoxida- 
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titanium. 

The relative effectiveness 
of titanium and aluminum, 
as well as of a few other ele- 
ments, for stabilizing nitro- 
gen, removing it from 
solution in the iron, may be 
appreciated from the follow- 
ing comparison of free ener- 
gies of formation of nitrides 
at steelmaking temperatures 
The data are taken from U. S. 
Bureau of Mines Bulletin No. 
407, by K. K. Kelly (“Ther- 
modynamic Properties of 
Metal Carbides and 
Nitrides”), the best available 
thermodynamic data, and 
represent the free energy of 
formation per grain-atom o! 
nitrogen at 1600° C. 


or 


FREE ENERGY 
12,300 
5,200 
—2,900 
—7,500 
—8,400 
—20,800 
—40,800 
— 41,000 


NITRIDE 
CrN 
Mno.N, 
VN 
Si,N, 
AIN 
TaN 
TiN 
ZrN 
Although these values 

probably cannot be claimed 
to apply exactly to all condi- 
tions of steelmaking, they 
provide quite reliable evi- 
dence that titanium and zir- 
conium are far more potent 
in stabilizing nitrogen than 











litanium has long been used to advantage by steel- 


makers for reducing soluble nitrogen in steel and 


thus avoiding undesirable aging effects. 


well known is its relative action with aluminum 
and other deoxidants and grain refiners in plain 
carbon steels, or precautions to be taken when 
adding considerably higher quantities of titanium 


as an alloy in the high-chromium stainless steels. 


aluminum or other elements commonly used in 
steelmaking. 

As a result of the high stability of its nitride, 
titanium has a readily observable effect on the 
nitrogen in ordinary steel, even when added in 
much smaller amounts than those used by Zapffe 
and Sims or Waber and McDonald. 

This fact is well illustrated by a series of 
induction furnace heats of killed low-carbon steel 
that were made a few years ago in the metallurgical 
laboratory of the Titanium Alloy Mfg. Co. The 
additions and the heat analyses are given in Table I. 
Many of these heats had about 0.2% nitrogen in 
the form of sodium cyanide added to them, after 
deoxidation by aluminum, as noted in the table. 
When titanium was used, it was added 5 or 6 min. 
later in the form of 40% low-carbon ferrotitanium, 
and 2 min. after that the steel was poured. The 
analyses for nitrogen were made by the Kjeldahl 
method on drillings taken from the bottoms of the 
ingots or from bars forged from the ingots. 

Table I includes every heat made for the 
investigation of nitrogen, except a few with above 
0.10% carbon, or less than 0.02% silicon or 0.006% 
nitrogen. It is evident that in spite of a few 
exceptions, titanium greatly reduces the percentage 
of nitrogen occurring in the soluble state. Alumi- 
num, on the other hand, has no observable effect 
on the nitrogen—or at least does not form an 
insoluble nitride, as indicated by the first six heats 
in the table. It should perhaps be explained here 
that the nitrogen causing porosity, strain aging, 
hardness, or other effects on the properties of steel 
is chiefly that which is actually dissolved in the 
steel; nitrogen combined as an insoluble nitride 
could not affect the steel any more than other 
nonmetallic inclusions such as alumina or various 
silicates, whose effects on steel are limited to grain 
refinement by nucleation or, when badly segre- 
sated, to mechanical interruption of the continuity. 


Not so 


trogen, Yo 


Soluble Ni 
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It is also interesting to note that 
titanium is very effective for stabilizing 
nitrogen in an insoluble form even when 
it is not present in sufficient quantity in 
the steel to stabilize all the carbon. This 
is revealed by the data in Table I, but 
can be appreciated more readily from 
Fig. 1, where the soluble nitrogen values 
are plotted against the titanium-carbon 
ratio. The soluble nitrogen is seen to be 
just as low, in general, when the tita- 
nium-carbon ratio is between 1.6 and 3.6 
as it is when this ratio is above 4. 
Titanium thus seems to react with 
nitrogen preferably as compared to its 
reaction with carbon, but this preference 
is probably not quantitative or complete. 
Hume-Rothery and his associates* have shown that 
products of these reactions appear in the solid steel 
as a solid solution of the carbide and nitride, and 
it would be very unlikely that either carbon or 
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0.002 ; —— ' oe 
0 Wc . ep 
QO / 2 3 4 § & 7 8 


Ratio of Titanium to Carbon 


Fig. 1 — Variation of Soluble Nitrogen 
Content With Titanium-Carbon Ratio 


nitrogen in steel could ever combine with titanium 
to the complete exclusion of the other. 

That titanium tends to reduce the total nitrogen 
content of steel, as well as to render it insoluble, 
is shown by nitrogen determinations that were 
made on a few high-nitrogen induction-furnace 
heats both before and after the addition of titanium. 
These data are presented in Table Il. All these 
heats were treated with sodium cyanide in an 
amount sufficient to add about 0.2% nitrogen, after 
deoxidation with aluminum. 

Table II indicates that when titanium is added 


7 “*“On the Carbide and Nitride Particles in Titanium 
Steels”; Journal of the Iron and Steel Institute, V. 145, 
1942, p. 129. 








to the extent of more than about twice as much does not separate from the steel at temperatures 
as the carbon, not only is the nitrogen largely above the melting point to as great an extent ax 
stabilized in an insoluble form, but an appreciable the nitride. (At lower temperatures, however. 
amount of nitrogen is removed from the steel. This titanium carbide is also formed.) 
is probably accounted for by the crystallization of The melts referred to in Table III weighed 
titanium nitride in the melt, and its floating out about 29 to 30 lb., and the ingots were a little Jes< 
into the slag, since its specific gravity is lower than 3 in. square. Surely any segregation of 
than that of steel. insoluble nitride toward the upper parts of these 
small ingots would be expected to 


Table Il — Effect of Various Amounts of Titanium occur In an even more pronounced 


on the Nitrogen in Killed Low-Carbon Steel form in larger commercial ingots 
which would freeze more slowly. 


This tendency of titanium 





NITROGEN BEFORE | 


HEAT | Tri AppitTion, % 
No.* 


TITANIUM, % | pyc | FINAL NITROGEN, % 


> ee | 7 es. nitride to separate from molten 


| SOLUBLE | TOTAL | Appep | Restpuat_| SOLUBLE TOTAL 


steel and float to the top of a mold 
— : acemeceee — or ladle has important implications 
9 0.0168 | 0.0179 | 0.10 0.05 0.0090 0.0196 in the making of titanium steels- 
11 0.0147 | 0.0147 | 0.14 0.10 . 0.0008 0.0141 especially these conteinine & 
23 | 0.0250 | 0.0267| 0.31 | 020 | 3.3 | 0.0021 | 0.0176 erage nila 


27 | 0.0103 | 0.0103 | 0.45 | 0.33 | 6.6 | 0.0009 | 0.0060 mium, as these absorb nitrogen so 
4 , ‘ . readily from the atmosphere at high 


*See Table I for aluminum additions and analyses other than temperatures. 
titanium or nitrogen. 

















To secure good recovery of a 
titanium addition to liquid steel, 
This action was very noticeable in a series of it has become well understood that the stee! 
slightly larger laboratory-melted ingots of stainless should first be deoxidized to prevent the oxidation 
steel that were made recently for a_ particular of titanium and its passing into the slag. It now 
problem where both titanium and _ higher-than- appears, from the results reported above, that 
normal nitrogen were desired in certain samples. nitrogen in the steel may be as detrimental to 
Extreme difficulty was experienced in making titanium recovery as oxygen is, so that when steels 
uniform ingots with this combination, whereas are made in which the carbon must be stabilized 
with either high-nitrogen or titanium, separately, by titanium, and good recovery of the titanium is 
reasonably uniform ingots could readily be made. desired for reasons of economy, the steel should 
In Table III representative analyses of samples first not only be well deoxidized, but must also be 
taken from the top and bottom of these ingots are low in nitrogen. 
presented to illustrate this point. Failure to appreciate the importance of nitrogen 
All the titanium steels listed in Table III were as well as oxygen in this respect may be the reason 
thoroughly killed with aluminum to improve the for some of the difficulties that have sometimes 
recovery of titanium, but this did not provide for been experienced in the economical production of 
uniform distribution of titanium when the nitrogen stainless steels containing titanium, which on 
was high. It is evident that titanium and nitrogen account of their chromium contents often absorb 
segregate together at the top of the ingot; carbon more nitrogen from the atmosphere than is realized. 
and columbium do not. Columbium therefore does This can be avoided by taking care that the 
not form an insoluble nitride, and titanium carbide chromium steels are not exposed to the air in the 
furnace without any slag 
covering. When it is nec- 
Table III — Variation in Composition Between Top and Bottom essary to remove an oti 
of Small Ingots of Stainless Steel dizing slag in preparation 








" lan } ] , j j ¢ ition, 
| —s CarBon CoLuMBIUM TITANIUM NITROGEN for the titanium addi 
Type or STEEL = ‘oa ——— —_____— a thin slag layer should 


Top | Bortom Tor |Bortom Tor |Borrom Tor | Bottom remain for protection 


25-20, high-nitrogen ' 0.08 | 0.08 . 0.15 0.15 from nitrogen, and this 
Type 347, high-nitrogen | 0.08 | 0.08 0.97 0.97 — 0.11 0.075 layer can be deoxidized 
High-nitrogen 18-10 with aluminum and 

with Cb and Ti (0.10) 0.40 | 1.21] 1.23 1.04 0.125, 0.04 diluted with the fresh. 
Type 321, high-nitrogen| 0.08 | 0.07 0.90 0.10 0.022 oe si ee te 
ws sever haem | 0.09 | 0.09 0.74 0.041 0.017 nonoxidizing slag, so thal 
low-nitrogen ' 0.08 0.07 0.36 0.018 0.018 


it will not oxidize the 
titanium alloy. & 
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Report of Atomic Energy Commission 


xtracts from 4th Semiannual Report of United States Atomic Energy Commission to Congress (July 31, 1948) 











T HE Commission’s major responsibility in terms 
of plant investment, operating costs, and direct 
-ontribution to national defense, is in the production 
of fissionable materials, the development of reactors, 
and the development and manufacture of weapons. 
Radioactive materials distributed by the Commis- 
sion are byproducts of these activities, but they are 
of such far-reaching importance to the health, indus- 
try, agriculture, and welfare of the nation that the 
present report is given over largely to them. The 
great bulk of the work is done in scores of medical, 
biological, agricultural, and industrial research cen- 
ters, in hospitals and in manufacturing plants. 

Bomb Tests— Of special importance is the 
publishable information about Operation Sand- 
stone.* These tests involved three nuclear explo- 
sions carried out under conditions as close to labora- 
tory control as possible, and with very extensive 
instrumentation. Investigative emphasis was placed 
on the scientific aspects because new designs of weap- 
ons were being tested, whereas at Bikini the princi- 
pal emphasis was placed on measurement of the 
effects of the nuclear explosion, rather than on the 
generation of nuclear explosion itself. Operation 
Sandstone confirms the fact that the position of the 
United States in the field of atomic weapons has 
been substantially improved. ... . 

Radioactive elements used as tracers have 
proved themselves, since their first use less than 15 
years ago, the most useful new research tool since 
the invention of the microscope in the 17th Century ; 
in faet, they represent that rarest of all scientific 
advances, a new mode of perception. It adds to this 
an almost incredible sensitivity — millions of times 
greater than any other analytical technique. For 
example, a radioactive constituent may be deter- 
mined at concentrations far below one part per 
million simply by counting its disintegrations for 
several minutes. Some radioisotopes have given 
the experimenter the additional advantage of detec- 
tion at a distance of his tracer material. 

Finally, the radioisotopes from Oak Ridge offer 
to scientists today the even greater benefit of 
unprecedented availability. The scientific and medi- 
eal work is limited primarily by the number of 
trained workers capable of using them. 

; In the last two years, pile-produced * radio- 
isotopes have been distributed to 1010 projects, 
mostly in physiology, medical therapy, chemistry 
and physics. However, 83 industrial research pro)- 
ects are included, as well as 14 in metallurgy. 
Most of the investigations are still within the area 
of fundamental research. Effective radiotherapy 
for cancer, for example, must wait upon a better 
understanding of basic bodily processes, and the 
same thing is true of all future applications of 


*See “Tests at Eniwetok on Improved Atomic 
Bombs”, Metal Progress, July 1948, p. 42. 
, +See “Isotopes Available for Research”, Metal 
Progress, February 1948, p. 234. 









radiotherapy. Essentially the problem is to find 
molecules which will concentrate in specific diseased 
body tissues and then to tag these molecules with 
enough radioactive material to give effective radia- 
tion. However, the potential application of isotopes 
to the work of industry — for the control of proc- 
esses, the testing of products, and the development 
of entirely new processes and products —— is an open 
field of opportunity. It is such work for which 
American competitive industry is uniquely fitted. 

Construction expenditure counts for about half 
of the total dollar outlay of the Commission. Pro- 
duction facilities accounted for more than half of 
this, research facilities for 12%, and housing and 
community facilities 32%. Plants for the processing 
of source materials and the manufacture of fission- 
able materials are being expanded in a major under- 
taking. The bulk of this extensive construction job 
is at the Hanford plutonium works. 

Raw Materials — A substantial part of the 
uranium used in the American atomic energy pro- 
gram has come from the high-grade ore deposits of 
the Belgian Congo and Canada, with the greater 
amount from the Belgian Congo. To enlarge the 
available supplies, the Commission has embarked 
upon a program of expanding domestic production 
by guaranteeing minimum prices for uranium ore 
or concentrates and a bonus of $10,000 for discovery 
and production from new domestic deposits. The 
Commission has purchased two plants for processing 
the ores. [During the war, American uranium pro- 
duction was principally a byproduct of vanadium 
mining in the Colorado plateau. | 

Contractual Relations— The Commission 
decided at the outset of its tenure that necessary 
progress could be obtained only through the enthu- 
siastic support of broad sectors of the American 
economy. Accordingly it decided that major opera- 


‘tions should be carried forward by nongovernmental 


contractors, both industrial and academic, with 
authority comparable to those exercised in their 
private activities. 

By carrying forward major operations through 
private contractors, with deep roots and a firm base 
in the American economy, the atomic energy pro 
gram not only benefits from accumulated experience 
and established resources, but also enlists the inter- 
est and support of industries and universities for 
future private development. Correspondingly, the 
Government machinery for supervising the enter- 
prise is kept at a minimum. 

The Commission has sought a voluntary agree 
ment between contractors and labor organizations 
that would include positive assurance against work 
stoppages. If accepted voluntarily, such a program 
would have much to recommend it, but imposition 
of a labor relations program, not accepted volun- 
tarily, would seriously impede the support and drive 
required to push ahead rapidly in this enterprise. 
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A Modified Punch Card Filing System 


for Metallurgical Literature 


By J. H. Westbrook 
and L. H. DeWald 


Department of Metallurgy 
Massachusetts Institute of Technology 


Cambridge 


The importance of an individualized filing system 
wherefrom data can be quickly and surely extracted 
needs no emphasis. Such a system must be con- 


venient to use and capable of expansion as the 


owner’s interests widen. 


mands a proper classification at the very outset, 
and a meeting of interested librarians and metal- 
lurgists will be held in Philadelphia during the 
National Metal Congress (Oét. 25 to 29) at which 


plans for devising such a basic classification for 


metallurgy will be laid. 


i pon ever-increasing complexity and scope of 
modern science have multiplied tremendously 
the annual volume of technical papers and related 
literature. This has been particularly true of the 
younger sciences such as metallurgy and nuclear 
physics. Further impetus has been given this 
trend by the war with its attendant stimulation of 
research. It has now become difficult, if not 
impossible, for any one individual to read all of 
the current literature in even a relatively narrow 
field of specialization, or oftentimes to be cognizant 
of all the contributions made in this field. 

In recent years, metallurgists have made sev- 
eral attempts to solve this problem. The excellent 
compilation service provided by the library staff 
of Battelle Memorial Institute in the A.S.M. Review 
of Metal Literature and the abstracts published by 
the British Institute of Metals and the Iron and 
Steel Institute are the best examples. 


This requirement de- 


Excellent as these are, they never- 
theless possess several disadvantages as 
far as the individual is concerned. No 
provision is made for expansion of the 
file to include material available from 
the past. Many separate volumes must 
be consulted in the search for a com- 
plete bibliography on any single subject: 
the indexing itself — admittedly the 
most difficult thing about it—is not 
fine enough and the cross referencing is 
insufficient; and since a large percentage 
of the references concern subjects of no 
interest to the individual user, any 
literature search is very tedious. Further- 
more, no comprehensive classification or 
index whatsoever exists for the vast 
quantity of classified literature arising 
from the many government research 
programs. Lastly, any system of prime 
utility to the individual metallurgist, 


‘rather than the professional librarian, must 


provide for ready reference to the man’s own 
notes and recorded information in all sorts of 
repositories. 

The punch card filing system described by 
A. G. Guy and A. H. Geisler in last December's 
Metal Progress provides an answer to most of 
these objections. It is compact, flexible, and 
capable of infinite expansion. Cross indexing and 
fineness of classification can be adjusted as desired 
by the user, and the selection of subjects for inclu- 
sion in the file can be tailored to fit the individual's 
needs. The items indexed may include literature 
references, classified reports, special notes, com- 
pany reports, manufacturers’ literature, or corre- 
spondence. This method of indexing or sorting 
is completely a hand-tool operation involving only 
a notching punch, some sorting needles, and cvn- 
ventional file cabinets for storage. Firms handling 
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these supplies have been listed by Guy and Geisler. 

The speed of this method of sorting is also 
remarkable. A search can be made through a 
punch card file for either the finest or the most 
general classification at a speed of about 1000 
cards per min., and higher sorting rates have been 
reported by users. 

The present authors have recently developed 
a punch card filing system, somewhat similar to 
the one already described by Guy and Geisler. We 
have made several modifications of the scheme 
they describe. While these modifications were 
primarily devised to meet the specific needs of the 
various research programs being conducted in the 
M.LT. Metals Processing Laboratory (and in par- 
ticular to handle a large volume of classified litera- 
ture), it is felt that the principles are, in large 
measure, generally applicable to the needs of met- 
allurgists everywhere. While the card shown in 
our illustration and the detailed description to 
follow applies to the scheme we have followed in 
Cambridge, we present them to show a specific 
application and to demonstrate the innovations 
we believe are an improvement over the scheme 
used by Guy and Geisler. 

The principal difficulty in a punch card filing 
system, which has been reduced to a card of con- 
venient size, is that certain holes may have more 
than one meaning — that is, an overlapping code 
system must be used in an extensive classification. 
While proper design of the code at the outset can, 
of course, minimize the resulting confusion, there 
is no means of completely eliminating the uninten- 
tional multiplicity of meanings resulting. from 
increases in the amount of cross indexing of sub- 
jects. The sorting technique used with the card 
design and style described by Guy and Geisler 
may also bring out some “unwanted” cards. For 
example, they index 16 of the principal alloying 
elements by individual holes along the left edge 
of the card, and the rest of the elements by arbi- 
trary code numbers along the top and right-hand 
edge of the card—the same numbers that are 
used for the subject index. Punching for a colum- 
bium-bearing stainless (Code 10) would therefore 
interfere with one main division (Laboratory 
Apparatus and Instruments, Code 10) and with 
individual coded subdivisions in seven of the other 
main divisions. 

In addition to this disadvantage, it is also 
rather undesirable that a separate search through 
a code index be made to ascertain the proper code 
numbers, in order either to punch-index a new 
reference or to locate a filed card. The alternate 
choice is to assign but one meaning to each hole 

that is, to use a so-called “direct punching” sys- 
tem, since the greater the number of holes of 
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unique meaning, so labeled on the card and 
punched direct to the edge of the card, the greater 
will be the accuracy and speed in sorting. How- 
ever, a punched card large enough to provide for 
the number of subjects which must be handled in 
any literature file would be far too unwieldy for 
practical use. 

It is, then, obvious that the answer to the 
problem must lie in a compromise between these 
two schemes, (a) coding and (b) direct punching. 
The natural division between these two plans is 
to use direct punching for those subjects of most 
importance to the user, and a coded system for 
the remainder. This prevents confusion in those 
subjects which will constitute the major part of 
the file and yet provides for indexing of any sub- 
sidiary subject or element without the use of an 
unduly large card. 

We have such a division made for the sub- 
jects of interest to the M.I.T. Metals Processing 
Laboratory, and it is reproduced in the accompany- 
ing engraving. The direct punched subjects were 
arranged along the top edge of the card for easy 
access and readability. 

The coded portion representing secondary 
titles in our subject index was relegated to the 
bottom edge of the file card. Rather than obtain 
primary and secondary coding classification 
through the use of deep and shallow punching (a 
procedure which can introduce confusion), the 
holes along the bottom edge represent the second- 
ary subject in a given reference, and these holes 
on the card are divided into two groups. The first 
of these provide for all major divisions, including 
those covering such secondary titles as had already 


- been allotted to the top of the card. For example, 


at the bottom will be found under “Forming and 
Fabrication” the primary subdivisions “Powder 
Metallurgy”, “Metal Spraying”, and “Metal-Ceramic 
Combinations”, shown along the top of the card, 
and two new subdivisions “Metal Working” and 
“Miscellaneous Forming Operations”. The second 
group along the bottom edge consisting of numbers 
from 1 to 23 provides for all secondary titles or 
subheads except those for which individual holes 
were assigned along the top edge of the card. The 
subjects assigned to any given secondary code 
number were so chosen that confusion arising 
from cross indexing would be minimized — that 
is to say, insofar as possible, subjects having the 
same code number are completely unrelated; for 
example, atomic structure, rolling, and stress- 
corrosion could be assigned the same code number. 

Again it should be emphasized that this card 
fits the requirements of our laboratory; it obvi- 
ously would be modified by any metallurgist with 
different lines of interest. 
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A further advantage resulting from the elimi- 
nation of the deep and shallow punching scheme 
is that it is possible to sort to a finer classification 
in a single operation. To do this, two or more 
sorting needles are used and advantage is taken 
of the cross indexing. 

For example, suppose it is desired to separate 
all references dealing with X-ray diffraction 
studies of rolling textures. Needling for “Rolling” 


(Code No. 4 in our classification) under the pri-: 


mary title “Metal Working” (direct punched on 
the bottom margin) and for “X-Ray Diffraction” 
(Code No. 9 in our classification) under the sec- 
ondary coded title “X-Rays and Electrons” (direct 
punched on the bottom margin) will give, with the 
simultaneous use of four needles (all operating on 
the bottom edge), the desired references imme- 
diately without further sorting. The number of 
unwanted cards resulting from this type of sorting 
has been minimized by the procedures described. 

We assigned the element or alloy index a 
separate set of holes along the left-hand edge of 
the card. Here, again, division was made between 
direct punching for the 13 elements most fre- 
quently used in the authors’ work and a code 
system for the remainder. Since the number of 
elements to be coded was finite, a completely 
unique and nonduplicating code system could be 
used. Use of a two-letter code made up of the 11 
letters from A to K provided a sufficient number 
of unique designations. Following Guy and Geis- 
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ler, the alkali group, the halogens, the rare gases, 
the rare earths, and the trans-uranium group were 
each assigned an independent designation.* 

Improvement was also made, we think, in the 
author index. Use of the first two letters of the 
author’s last name as a code requires 25 holes and 
yet cannot prevent confusion resulting from such 
names as Baker, Barron, Bassett, and so on. If, 
however, three letters of the last name are used, 
one hole can be used for each two letters in alpha- 
betical sequence: first hole for AB, second for 
CD, third for EF. It can be shown statistically 
that much less confusion will result from this 
system than from the two-letter-per-hole scheme. 
The resultant saving in holes (edge space along 
the card) enables one to have a separate index for 
a second author. Thus the confusion arising from 
indexing a first and a second author in a single 
set of holes is avoided. 

An additional feature which has been incor- 
porated in the modified system is a year index 


*Epitor’s Notre: Both Messrs. Guy and Geisler and 
Messrs. Westbrook and DeWald use a duplex system 
for elements — some common ones are directly labeled 
on the cards, the rest are located by code. Guy and 
Geisler use a numerical code for these extra elements, 
Westbrook and DeWald use a two-letter alphabetical 
code having no relationship to the chemical symbols. 
Would it not be possible to use 24 holes for the 24 
letters to register the elements by their own chemical! 
symbols, or even fewer holes to mark them by thei! 
own atomic numbers, 1 to 95? 
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counting in tens and units — that is, '39, °48, and 
so on. (6 would be coded by punching 2 plus 4.) 
This should be of special use in separating out- 
dated references from a subject for which a large 
number of cards are filed. 

One extra hole in the primary subject code 
at lower left corner was iabeled N.E.C. (Not Else- 
where Classified) to provide for uncontemplated 
additions of a sort which could not be included 
under any existing primary heads. Three other 
spare holes marked X,, X, and X,; were set aside 
in the upper right corner to which no meaning has 
vet been assigned. These two provisions plus the 
unlimited manifold use of secondary subject code 
numbers render the file system capable of extraor- 
dinary expansion. 

It may now be illustrative to describe the 
coding of a specific reference. A typical example 
is shown in the accompanying figure. The 
abstract was clipped from an issue of the A.S.M. 
Metals Review and mounted on the file card. 
(When clippings are mounted, it is important that 
the pasted clipping be absolutely flat on the card 
with no bubbling or curling at the corners, else the 
cards will catch on one another during sorting. 
Dry mounting tissue has been found excellent for 
this purpose. If possible, it is advisable to alter- 
nate the position of the mounted clipping from left 
to right and top to bottom when preparing a group 
of file cards to avoid bulging at either side of the 
file or at the center.) 

Since Weil is the only author in the article 
concerned in our illustration, the file card was 
notched in the section on the upper right-hand 
edge of the card marked First Author for W, E, 
and I—-that is, at the holes designated as VW, 
EF, and IJ. The section marked Second Author 
was, of course, left unnotched. (Provision can 
also be made for coding anonymous articles, by 
coding the name of the publication. However, due 
to the frequency of the use of such words as Jour- 
nal, Transactions and Review, in titles, it is inad- 
visable to use the first three consecutive letters for 
the coding. A code should rather be adopted for 
each publication consisting of some distinctive 
combination of three letters in the title. For 
example, MPR might be used for Metal Progress.) 

The article shown in the illustration was pub- 
lished in 1947. This information was recorded by 
notching 4 and 7 in the tens and units divisions 
respectively in the “Year” section at the upper left- 
hand edge of the card. (It has been noted that a 
number such as 6 is recorded by notching both the 
4 and the 2 in the appropriate section. Sorting for 
such a number is accomplished by the simultane- 
ous use of two needles.) 

Attention was next directed to coding for sub- 





ject. The abstract in the clipping showed that the 
article is concerned with both powder metallurgy 
and its testing for magnetic properties. Powder 
metallurgy happens to be one of the subjects of 
major interest in the authors’ laboratory and there- 
fore a series of direct-punched holes was allotted 
this subject under Forming & Fabrication along 
the top edge of the card. The article at hand was 
punched for Powder Metallurgy, General, since that 
is the subclassification of the main field to which 
it primarily belongs. 

The card was also cross referenced for testing 
of magnetic properties. This subject was located 
in the coded section along the bottom edge of the 
card under the primary title Physical Testing, 
which is a subdivision of Testing & Inspection at 
the lower left. Reference to our code index of 
secondary titles* showed Magnetic Properties as 
Code No. 3 under Physical Testing, and the card 
was punched accordingly for the number 3 in the 
secondary titles section at the lower right. Powder 
Metallurgy was also punched as a primary title at 
the bottom center of the card. This punching is to 
permit sorting of all cards in the file under this 
broad subject with a single needling operation on 
the bottom edge. 

The element code is located along the left-hand 
edge of the file card. The reference in this instance 
is concerned with iron and ferro-cobalt powders 
and thus was punched for iron and cobalt both of 
which are under Elements, Direct. If the elements 
concerned had been any other than those in the 
direct grouping, the proper code punching would 
have been ascertained from a separate code index 
(also not shown). 

This completed the punch-coding of the refer- 
ence cited and the punched card appears as shown 
in the engraving. Upon actual perusal of the 
article, further notes may be written or typed in 
the remaining space on the face of the card and 
extended to the reverse side if necessary. Further 
cross reference punching of subjects can also be 
added if and when desired. 

It is felt that the basic theories of (a) direct 
sorting and (b) readable classifications of primary 
and secondary titles of major interest combined 
with (c) a coded classification for the remaining 
subjects are applicable to any file requirements. 
The added usefulness of this type of card, tailored 
to the needs of the individual or laboratory con- 
cerned, is well worth the careful analysis which is 
essential in the design of the form. r } 

*Not included in this article, since we are attempt- 
ing to show how a punch card system can be adopted 
to any line of interest. Our code is similar to the one 
suggested by Guy and Geisler, p. 998 and 999 of Metal 
Progress for December 1947. 
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Transgranular Cleavage Facets 


in Cast Molybdenum’ 


By C. A. Zapffe 
F. K. Landgraf 

and C. O. Worden 
Baltimore, Md. 


Purified molybdenum has a body-centered 
cubic structure, but transgranular facets 


N DESCRIBING the vacuum-arc process for melt- show markings that are more related to the 

ing and casting molybdenum, Parke and Ham, 
and Woodsidey report an interesting commercial 
application of fractography. They state that the than to the crystalline architecture. This 
forgeability or nonforgeability of the casting can 
be readily predicted from a simple fractographic 
observation of the cleavage facets on a chip broken be presented by these authors in Metal 
from the ingot. 

Thus, nonforgeable metal shows a character- 
istic pattern identified with too high an oxygen graphs that were adjudged **hest in class” 
content. With a small amount of carbon added to 
the melt, this pattern disappears, and in its place 
occurs a second characteristic pattern tentatively 
referred to as “carbide feathers”, indicative of 
forgeability. Present plant practice is now based Fig. 1 Transgranular Cleavage in Cast Molybdenum, 
upon this fractographic determination of forge- Showing a Typically Branching Lineage Pattern, and 
ability — an extension to the microscopic realm of an Undulating Pattern Perhaps Relating to a Pulsating 
observations traditionally made with the educated Temperature Gradient at Time of Solidification. 100 x 
eye of the artisan. 

Through courtesy of the Climax Molybdenum 
Co.’s research laboratory, samples of cast molyb- 
denum were secured for a more detailed study of 
the fracture characteristics of molybdenum. The 
structures previously reported were readily iden- 
tified; and their characteristics were then followed 
further through an elaboration of details which 
indicate the possibilities that three stages of oxida- 
tion exist, and at least two of carburization. These 
patterns are intergranular, which probably accounts 
for their relationship to hot workability. These 
studies are now in course of publication in Metals 
Technology. 


method of solidification (rapid chilling) 
is the fourth “fractographic” study to 
Progress, and in it they use _photo- 


at A.S.M.’s 1947 metallographic exhibit. 


*From work performed, in the laboratory of the 
senior author, under contract with the Office of Naval 
Research. 

*“The Melting of Molybdenum in the Vacuum 
Arc”, by R. M. Parke and J. L. Ham; Metals Technology, 
V. 13 (1946), Technical Paper 2052. “Deoxidation 
Control by Fractography”, by G. C. Woodside; The 
Iron Age, V. 160, Dec. 4, 1947, p. 78. 


Page 328 





ts 


um, 
and 
ting 


0% 








Fig. 2 — Transgranular Cleavage, Showing Complex Lineage Intergrowth, Multiple 
Nucleation, Cleavage Undulations, and an I[ntersecting Cleavage Opening. 350 


Of even greater interest to students of crystal 
growth and mechanism of fracture, however, is the 
disclosure of intricate patterns appearing in frans- 
granular cleavage. Fractured when cold, cast 
molybdenum reveals an abundance of transgranular 
as well as intergranular cleavage; and it is found 
that the carbide and oxide form extremely thin 
films in the grain boundary, which have little or 
no registration on the transgranular pattern. 
Instead, entirely new systems of patterns abound 
in the fractured surface. To these the present 
discussion is devoted. 


Typical Transgranular Patterns 


In Fig. 1 there appears a typical pattern of 
transgranular cleavage in cast molybdenum. Frac- 
ture has followed a relatively flat path at the upper 
left, characterized by typically branching “flow 
lines”, undoubtedly relating to the pattern of 
crystal growth. To the lower right, however, the 
path of cleavage has been radically altered by an 
undulating pattern within the crystal substructure. 


(“Undulating” is not too good a word since it 
suggests a very considerable unevenness of surface, 
and it should be remembered that these “undu- 
lations” are all in reasonably good focus at fairly 
high magnification.) While the cause of this 
undulation is unknown, its indications are con- 
sistent with a structure that might result from a 
pulsating thermal front at the time of solidification 
The violent conditions of the vacuum-are process 

casting a liquid having a melting point of 
2620° C. (4750° F.) 
chilled copper mold 


from an electric are into a 
would conceivably cause 
distortion or changes in direction of crystal growth 
consistent with the observed pattern 

In Fig. 2,* the violent conditions of grain 
growth express themselves even more clearly in an 
involved mass of intergrown structures which are 
obviously separately nucleated, but lying within 
the macrocrystalline structure of a single grain, 
and are photographed on a facet that is substan 

*Figures 2, 3, and 4 were awarded first prize in 
Class 8 of the metallographic exhibit, National Metals 
Congress, in 1947. 
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facet shown in Fig. 3. Once again, pronounced 


growth characteristics are in abundance, with myl- 
tiple nucleation; and the hypothesis of a pulsating 
| thermal front during solidification is strengthened 


' by the detailed evidence for renewed nucleation 
' along each undulation boundary. 

: Lineages literally fan-out from nuclei at the 
; undulation fronts or boundaries. Solidification 
therefore conceivably progressed from the upper 
: left toward the lower right; and the pulsation 
| period is perhaps roughly indicated by the expan- 
i siveness of each ensuing growth. From the cep. 
| ter of the fractograph toward the lower right there 
i is a particularly broad band of uninterrupted 


crystal growth, badly distorted by thermal strains 
On these expansive facets there are pits and 
roughnesses very likely relating to inclusions. 





An Unusual Pattern of Crystal Growth 


In Fig. 4 there is presented a pattern which 
is unusual in delimiting so many separately nucle- 
ated lineages within one portion of one grain 
Such a pattern obviously has no relationship to the 
force pattern of the fracturing stress — a question 
commonly arising when a metallurgist first views 


a cin RNR eh 


Fig. 3 — Transgranular Cleavage, Revealing a 
Markedly Distorted Structure, Nucleation of Line- 
ages at Undulation Fronts, and Traces of In- 
cluded Matter on the Large Lineage Faces. 125 X 


tially flat. The crystalline substructure responsible 
for such markings can be referred to as “lineages”, 
or “subgrains”. There are also “pulsating growth” 
patterns evident in Fig. 2, similar to those in Fig. 1. 
Whether these are related to the secondary cleavage 
patterns in bismuth or to the “Liesegang ring” 
structure, which they resemble, is not known. Note 
the cleavage fissure across the upper left corner 
of the engraving, also transgranular, but inter- 
secting the plane of observation. Unlike the crys- 
talline conditions of bismuth, zinc, and antimony,+ 
which allow crystallographic determinations to be 
made from fracture patterns, the present specimens 
apparently are too greatly strained to provide 
similar disclosures. 
Particularly expansive and informative is the Fig. 4—Transgranular Pattern Disclos- 


+Described in Metal Progress for April 1946 (p. ing a Multitude of Separately Nucleated 
283), March 1947 (p. 428) and March 1948 (p. 377) Lineage Units Within One Large Grain 
respectively. Whose Whole Extent Is Not Shown. 200X 
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fractographs. With amorphous materials, the 
fractographic pattern is certainly essentially a 
stress pattern; with materials having poorly 
defined cleavage characteristics, a stress pattern 
may superimpose itself upon the structural weak- 
nesses of the crystals; but with metals it seems 
generally true that the patterns almost exclusively 
concern crystal structure and intrinsic crystal 
weakness. 

Here, in Fig. 4, we are clearly viewing an elab- 
orate pattern of intrinsic weakness which is bound 
in with the history of the crystal growth. The 
remarkable feature is the fact that the visually 
divergent unit patterns are not divergent crystal- 
lographically (except to an extent less than 1 or 2° 
of arc — a fact that is proven by micrographic and 
X-ray diffraction patterns). That they together 
make up one grain having a common orientation 
has been amply concluded from a great many 
observations, though the present fractographs do 
not necessarily disclose that fact. 


An Unknown Pattern 


Molybdenum crystallizes in the body-centered 
cubic system. Among the intricate designs of 
these patterns there are occasionally found crys- 
tallographic markings revealing cleavage on (001) 


planes, slip on {110}, and possibly Neumann-type 
deformation on {112}. In Fig. 5 an unusual pat- 





tern is shown at very high magnification. The 
angularity is approximately 70°, but its signifi- 
cance is unknown. Certainly the regular ridges on 
the surface of the facet represent a peculiar path 


for cleavage to follow. 
Conclusion 


Cast molybdenum made by the vacuum-are 
process fractures at ordinary temperatures partly 
through grain boundaries and partly through the 
grain—- perhaps through lineage boundaries. 
Fractographs of intergranular cleavage have 
marked characteristics by which the forgeability 
of the metal can be readily predicted. 

Fractographs of transgranular cleavage like- 
wise have marked characteristics, but of an 
entirely different type. They apparently reveal 
the history and the fundamental nature of the 
growth of the individual crystal. Each grain is 
found to comprise numerous subgrains, or line- 
ages, and the nucleation points of many of these 
are disclosed by the fracture. Vast distortion is 
evident in transgranular fractographs, undoubt 
edly relating to the severe conditions under which 
this refractory metal is cast from an electric are 
into a chilled copper mold. Undulations in the 
lineage pattern are believed to refer to thermal 
fluctuations at the solidification front during freez- 
ing; lineages are observed to nucleate there. =) 





Fig. 5 — Transgranular Pattern at High Magnification. The significance 


of the angularity and the regular ridgelike markings is unknown. 3500X 

















High-Temperature Corrosion of 


By W. E. Fontaine* 

Asst. Prof. of Mechanical Engineering 
Purdue University 

Lafayette, Ind. 


Design and specifications for parts of a gas tur- 
bine locomotive, fired with high-sulphur bitumi- 
nous coal, required some specific information on 
the resistance of standard types of high-chromium 
and chromium-nickel-iron alloys (stainless steels). 
Tests at 2000° F. showed that 25% chromium was 
necessary to prevent more than superficial oxidation 
in 150 hr., but it was judged that the alloys studied 


had little structural value for continuous service at 


such extreme temperatures. 


NE of the activities of the Locomotive Develop- 

ment Committee of Bituminous Coal Research, 
Inc., has been the design of a gas turbine that will 
use bituminous coal, high in sulphur content, as 
fuel. A gas turbine, as is well known, is akin to 
the steam turbine, in that expanding gas at high 
temperature and high velocity — known as the fluid 
medium — impinges upon vanes or buckets set at 
an angle to the flow and fixed on the periphery of 
a wheel keyed to the driven shaft. The principal 
differences in construction stem from the fact that 
in the gas turbine the fluid medium is the product 
of combustion of some fuel; in the steam turbine 
it is superheated water vapor. Thermodynamic 
considerations indicate that the efficiency of the 
gas turbine increases rapidly with increasing tem- 
peratures of the fluid medium. Use of coal high in 


*Acknowledgment is made of several helpful sug- 
gestions given by Prof. H. L. Solberg and Prof. G. A. 
Hawkins of Purdue University, and of appreciation of 
work by Mrs. R. C. Heckard and R. E. Ross, laboratory 
technicians. 


Stainless Steels 


sulphur also indicates that parts exposed 
to the hot fluid medium, such as com- 
bustion chambers, vanes and buckets, 
might also be damaged by the sulphur 
dioxide in the gases. A practical problem 
of great importance in gas turbine 
design and construction would therefore 
be the specification of metal for its 
resistance to corrosion and erosion by 
very hot sulphur-bearing gases. 

As a part of the Bituminous Coal 
Research program, directed by J. I. 
Yellott, a number of tests on the common 
stainless steels were conducted at Purdue 
University during 1946 and 1947. Ten 
different steels from two different com- 
mercial sources were used in these tests. 
These steels varied in composition from 
16 to 28% of chromium, and from 0 to 
20% of nickel. Some of these steels contained 
other elements as shown in Table I. 


Apparatus 


In order to produce the desired flue gas atmos- 
phere, butane and air were burned in a closed com- 
bustion chamber or flue gas generator, designed 
with the aid of Frank Knoy of the Institute of Gas 
Technology. This is illustrated in Fig. 1. Sulphur 
dioxide was introduced into the products of com- 
bustion and this gas mixture was then led into an 
electric furnace maintained at 2000°F. The stain- 
less steel specimens under test were supported in 
the furnace on refractory brick so that the atmos- 
phere was in contact with practically all of their 
surface area for the duration of the test. Surround- 
ing the specimens was a stainless steel muffle, so 
constructed as to cause a continuous flow of fresh 
flue gas over them. In addition, the muffle shielded 
the test specimens from direct radiation from the 
heating elements. 


Metal Progress; Page 332 





>f 


sec 


ts, 
ur 
2m 
ne 


its 
by 





The butane, air and sulphur dioxide 
were metered by rotometers and con- 
trolled by pressure regulators and needle 
valves so that a constant flow could be 


Table I — 


Nominal Composition of Stainless Steel Types Tested 








|? 
NOMINAL COMPOSITION 

















maintained throughout the duration of SPECIMEN | mir. - a Sune 
the tests. High-pressure air was supplied No. | Cr | Ni tool 

by a two-stage compressor. Cylinder = se oe Fear. — ae 
butane and sulphur dioxide were sup- 1 & 18 8 — | %-in. flat 
plied from commercial sources. : a vo = oo 

y anaciti « ~ MO -«0-1N. 

The capacities of the rotometers 4 430 | 16 a 0.125-in. flat 
were such that the flue gas generator 5 446 | 6 | — wi 2 2k called 
could be operated to provide an atmos- (Mo, Cb, ie 
phere that would simulate that produced 6 - bo | 12 ) Ti, Cu we round 
by the combustion of almost any type of 7 | 309 = |} 12 | — | 0.315-in. round 
bituminous coal. The coal high in sul- 7 a o. | me , asibin, seme 
phur content chosen as typical had the 10 | 310 | 25 | 20 | | 0.315-in. flat 
following analysis: 

ULTIMATE ANALYSIS 

~ os ——-—~a_e The Test Program 

Cc 67% ‘ | WINDOW . 

O 9.7% Four tests were made on _ the 

: =o i ee ten types of stainless steel specimens 

ii a cate ta described in Table I. 
ty Bi dean — The operating conditions of these 
Sent C 51 5% tests were as follows: 
Ash 11.3% |_-7- SECONDARY AIR Test No. 1 — Furnace temperature: 

The furnace was 2000° F.; proportion of gases: butane 
controlled by standard 2.5 cu.ft. per hr., air 97 cu.ft. per hr. 
instruments actuated by (25% excess air); time for test: 150 hr. 





platinum thermocouples. 
Temperature variation 
was normally less than 
+10°F. from the instru- 
ment setting. 


——# PRIMARY AIR € BUTANE 


SECONDARY AIR 









































BUTANE PRIMARY AIR 








O 


CELECTRICALLY CONTROLLED 
FLAPPER VALVE 


Fig. 1 — Sketch of Flue Gas Generator 
Showing Method of Mixing Butane 
With Primary and Secondary Air 

















Test No. 2—- Furnace temperature: 2000° F.; pro- 


portion of gases: same as in Test No. 1 with addition 
of 195 cc. SO, per min. (equivalent to 0.4% SO, in the 
atmosphere) ; time for test: 150 hr. 
Test No. 3—— Same as Test No. 2. 
Test No. 4—- Furnace temperature: 2000° F.; pro- 
portion of gases: 100% air atmosphere; time for test: 


150 hr. 


The test procedure was as follows: The stainless 
steel specimens were placed in the furnace on refractory 
supports, underneath the radiation shield. Flow rates for 
butane and air were established and the flue gas generator 
fired. The furnace was then allowed to come to the 
operating temperature of 2000° F. The time at which this 
temperature was reached marked the starting point for 
the 150-hr. test. In the tests where the SO, gas was added 


Table Il — Composition of Flue Gas 





CONSTITUENT 


—EE 


co, 
O, 
co 
N, 

HO 





Wer Basis Dry Basis ANALYSIS 


CALCULATED ANALYSIS AVERAGE 
— ORSAT 





9.7% 11.0% 10.9% 


3.9% 4.4% 4.1% 
0.0% 0.0% 0.0% 
74.4% 84.5% 
12.1% 0.0% 
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to the flue gases, the flow rate of SO. was estab- 
lished when the furnace reached the operating 
temperature. 

Throughout the tests the flow of gases remained 
reasonably constant. Extreme limits of 2.4 to 2.6 
cu.ft. per hr. were noticed for butane, and the air 
flow varied between 97 and 104 cu.ft. per hr. The 
flow of SO, was not as 
constant as the two other 
constituent gases, which 
might be attributed to 
the exceedingly small 
rate of flow; under nor- 
mal operating conditions 
it varied between maxi- 
mum limits of 180 to 220 
cc. per min. It should 
be mentioned that the 
extreme limits of varia- 
tions in the rates of flow 
were reached only occa- 
sionally, and several 
adjustments of the flow 
rates in each 24-hr. 
period held them within 
the desired limits. 

Orsat analyses of 
flue gas were made sev- 
eral times a day during 
a test. Comparisons 
between the calculated 
and analyzed composi- 
tions are shown in Table 
II, page 333. 

At the end of 150 hr. 
at 2000°F. the furnace 
was allowed to cool. When the furnace tempera- 
ture reached approximately 500° F. the flow of flue 
gases. was stopped and the specimens removed. 

All specimens were then mounted in plastic, 


As received 





Fig. 2 - 


Table III — Qualitative Comparison of Corrosion 
of Various Specimens 





—_ 





. COMPOSITION 
SPECIMEN | “OMPOSITIO 
- AMOUNT OF OXIDATION 


No. Cr Ni 


16 Completely destroyed 


17 12 Almost completely destroyed 
18 13 Almost completely destroyed 
8.5 Completely destroyed 

Thin oxide coating 

15 Thin oxide coating 

Thin oxide coating 

Thin oxide coating 
Slightly more corrosion than 

No. 7, 2, 8, 9, and 10 
| Thin oxide coating 








150 hr. at 2000° F. in flue gas 


Samples (Full Size) of 18-8 Flat as Received, After Tests 
No. 1, 2 and 3, Respectively. Note that Test No. 3, the sample at 
right end, is a recheck of Test No. 2 (flue gas with SO, added) 


polished and etched, prior to microscopic inspection 
and photography. The etchant used was composed 
of 8 cc. glycerol, 8 cc. hydrochloric acid, and 4 ¢e. 
nitric acid. 

Representative photographs showing both the 
original and corroded specimens from three tests 
are reproduced herewith as Fig. 2, 3 and 4. The 


150 hr. at 2000° F. in flue gas plus SO, 


150 hr. at 2000° F. in air 


steels tested fell readily into two groups: (a) Those 
that were completely or almost completely oxidized, 
and (b) those that showed only a small amount of 
surface oxidation. Table III contains a comparison 
of the specimens on the basis of increased chro- 
mium content. 


Results of Tests 


In comparing specimens No. 3 and 4, as noted 
in Table III, it might appear that since No. 3 con- 
tained 12% Ni and had a core left, and whereas 
No. 4 contained no nickel and was completely 
oxidized, the nickel content had some inhibiting 
action, but it should be noted that specimen No. 4 
was only half as thick as No. 3 and that the effect 
of size and shape was probably the more likely 
reason for the difference in the amount of oxidation 
in 150 hr. A similar comparison can be made 
between No. 1 and 6, and again the size effect was 
probably more responsible than the nickel content 
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for the differences noted, since specimen No. 1 was 
a thin flat and No. 6 was a round. 

Specimen No. 5, which contained 26% Cr and 
no nickel, exhibited a slightly thicker scale than 
the 25° Cr-Fe alloy containing nickel. However, 
specimen No. 9, which contained 28° Cr and no 
nickel, withstood the very severe test conditions 


As received 





150 hr. at 2000° F. in flue gas 


Fig. 3 — %-In. Rounds of 26% Cr-Fe (Type 446) as 
Received and After Tests No. 1, 2 and 3, Respectively 


as well as the high-chromium alloys with nickel. 

In general, the six specimens that resisted cor- 
rosion by the flue gas atmosphere without sulphur 
dioxide fairly well, also resisted corrosion in the 
hot atmosphere containing sulphur dioxide. With 
respect to the particular steels tested and the test 
conditions as described above, it can be stated that 
if the chromium content is sufficiently high (26% 
or above) the order of the rate of corrosion is 
probably the same for the stainless alloys with or 
without nickel. 

Representative photomicrographs of cross sec- 
tions of the test steels which survived the period 
at high temperature showed the following charac- 
teristics: 

All specimens of the high-chromium irons 
exhibited extensive grain growth. The grain size 
was so large in one that a single grain could not 
be shown in its entirety on a 5x7-in. plate at 200 x 
tagnification. There was considerable carbide pre- 
cipitation both as rough spheroids and in acicular 


150 hr. at 2000° F, in flue gas plus SO, 


form, but very little intergranular attack. These 
conditions are shown in Fig. 5, page 336. 

The high chromium-nickel-iron alloys exhibited 
some grain growth, but it was not excessive (Fig. 
6). Evidence of carbide precipitation was limited 
almost entirely to the spheroidal form. Persistent 
twinning existed. All specimens showed some 
intergranular attack, but this 
was not severe; alloys with 24° 
chromium content were corroded 
along grain boundaries in a sut 
face zone on the order of 0.002 
in. thick. 


Conclusions 


1. Chromium content is 
probably the greatest factor in 
controlling resistance to oxida- 
tion in high-temperature flue gas 
atmospheres. Steels with 18% 
chromium or less were com 
pletely oxidized, whereas steels 
with 24% chromium and above 
exhibited only a thin oxide layer. 

2. The presence of the small 
amount of sulphur dioxide added 
to the flue gas generator had no 
appreciable effect on the amount 
of corrosion under these severe 
conditions. The same steels which 


150 hr. at 2000° F. in air resisted corrosion in the flue gas 


atmosphere at 2000°F. without 
sulphur dioxide present also 
resisted corrosion when sulphur 
dioxide was present. 
4. The test of the corrosion resistant steels in 
air indicated that the ordinary air atmosphere was 
at least as severe as the flue gas atmosphere, either 
with or without sulphur dioxide. The steels which 


—— 





Fig. 4 — 0.315-In. Rounds of 25-20 (Type 310 
as Received and After Tests No. 1, 2 and 3 
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As received Flue gas at 2000° F. 


Neds 


Fig. 5 


Flue gas plus SO, 2000° F. in air 


Microstructure at 200 X of Type 446 Alloy as Received and After Heating for 150 Hr. in Various At- 


mospheres. Note excessive grain growth and (in right-hand micro) subsurface oxidation. Micros by Tom Hughel 


were completely oxidized in flue gas were also 
completely oxidized in air. 

4. A study of the photomicrographs indicates 
that, in general, the final structures of the various 
alloys were the same regardless of the atmospheres. 
The only significant difference was in the size of 
the grains of the various specimens, and this can 
probably be attributed to variations in mill manu- 
facturing procedures and chemical composition. 

5. The fact that the high-chomium irons were 
corroded as much in air as in the flue gas atmos- 
phere probably indicates that the presence of 20% 
excess Oxygen is as corrosive as flue gas with 
sulphur dioxide. 

6. All specimens suffered from various forms 
of carbide precipitation. Although it is known that 
some types of stainless steel will precipitate car- 
bides on slow cooling, it is thought that in the 
present experiments most of the carbides were 


As received Flue gas at 2000° F. 


formed (precipitated) at operating temperatures 

7. During a test at 2000° F. the high-chromium 
irons and steels exist as a single phase alloy, 
thoroughly homogeneous in structure. Under these 
conditions, mechanical properties such as tensile 
strength and resistance to creep are approaching a 
minimum. The radiation shield, constructed of 18-8 
steel, was not able to sustain its own weight during 
the test and sagged to the point where it was use- 
less for further service. 

8. Sulphur dioxide added to the flue gas gen- 
erator is probably of less importance as a factor 
in corrosion than the amount of excess oxygen 
present and the high operating temperature. 

9. The results of the tests made at Purdue 
University would seem to indicate that the steels 
tested have little structural value when subjected 
to the stringent operating conditions of 2000° F. in 
flue gas atmospheres or an air atmosphere. 6 


Flue gas plus SO, 2000° F. in air 


Fig. 6 — Microstructure at 200 X of Type 310 Alloy. Note twinning and growth of spheroidal car- 
bides. Grain growth in some instances was of minor extent. Some subsurface oxidation is evident 
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Atmospheres for Clean Hardening 


By Floyd E. Harris 


Furnace Engineer 
Buick Motor Division, G. M. Corp. 
Flint, Mich. 


Bright hardening requires an atmosphere that is 
neutral to the steel surface at all temperatures up to 
the hardening temperature and this is practically 
impossible to achieve. A minimum of oxidation is 
therefore usually tolerated — hence the term “‘clean 
hardening’’. Carburization, on the other hand, in- 
volves reactions that change the volume (partial 
pressure) of the gases in the prepared atmosphere, 
and hence the supply of carbon to the surface is as 


important a matter as the time and temperature 


necessary for this carbon to diffuse inward. 


| AN introductory article in Metal Progress last 

month some general statements were made about 
the desirable properties of commercial atmospheres 
used in the heat treatment of steel. Natural atmos- 
pheres (the ambient air) will oxidize hot iron; 
atmospheres consisting of hot, burned gases (com- 
bustion products) also usually are oxidizing in 
nature. The common reactions were stated and 
briefly analyzed, and certain conditions laid down 
whereby oxidized surfaces of value are produced 
on machined parts. 

In contrast to these oxidation effects other 
gas compositions may be reducing to iron oxides, 
and at the same time quite neutral to a steel with 
a given carbon content. The latter will now be 
discussed in an elementary way under the broad 
title of “clean hardening”. 

In the clean hardening processes, the problem 
consists of supplying an atmosphere that forms no 
scale or iron oxide in heating steel parts to elevated 


and Carburizing 


temperatures. In addition, it is generally 
desirable that carbon be neither added 
to nor subtracted from the metal in the 
charge during the heating operation. 
These two requirements are quite differ- 
ent, in regard to the gas phase. We can 
therefore investigate the reactions that 
have been written in the article last 
month for oxide formation, and intro- 
duce some new ones. 

The reaction for the reduction of 
iron oxide may be written: 

FeO + H, = Fe+H,O (8) 
Interpreted, this means that free gas- 
eous hydrogen reacts with the solid 
oxide to form solid iron and water 
vapor. The equation is thus written in 
the reverse order of the oxidizing reac- 
tion (3) in the article last month. For 
a given gaseous composition —for 
example, 40% H,O and 60% H,—a 
temperature may be found at which the reaction is 
in equilibrium; with such an equilibrium mixture, 
the iron present will not be oxidized and any oxide 
of iron will not be reduced if both are present in 
the chamber at this temperature. The temperature 
at which this is true is approximately 1900° F. 
At.a temperature of 1900° F., then, if water vapor 
be added to the 40% H,O plus 60% H, mixture the 
free iron will become oxidized. If, on the other 
hand, hydrogen be added, the iron oxide will be 
reduced to free iron. 

The oxidizing reaction 
Fe+H,O=FeO+H, (3) 
is not a complete reaction. By this is meant that 
the ability of water vapor to oxidize iron is limited, 
unless we remove hydrogen, the gaseous product 
of the reaction, from the work chamber. This 
was accomplished in the oxide-forming reaction 
described last month by a continuous flow of fresh 
atmosphere through the work chamber. Conversely, 


September, 1948; Page 337 














for the reducing reaction (8) the water vapor 
formed by the reduction of the solid oxide must 
be removed if the reaction is continued indefinitely. 
In practice, in the clean hardening process, the 
oxide phase is not present initially (since the steel 
parts are not scaled when introduced into the work 
chamber). The process of clean hardening there- 
fore differs from the oxide coating operation, aside 
from the reaction, in that no supply reaction is 
involved; the gas composition required is deter- 
mined by the equilibrium requirements at the 
working temperature. 

The statement that the direction of the reaction, 
at a given temperature, is a function of the relative 
concentrations of the gaseous components is merely 
an interpretation of what scientists call * the mass 
law”. For equation (8), at 1900° F., we write 
(%H.O) 40 

(%H,) 60 
The symbol K is called the equilibrium 
constant, since the reaction at equilibrium 
is expressed by a number. This number, 
for any particular reaction, varies with the 
temperature only — in fact, this is true for 
all the “reversible” reactions which have 
been written so far. If the relationship 
between the amount of gaseous components 
and the equilibrium constant for a given 
temperature is known, the course of the 
reaction at that temperature can be accu- 
rately predicted. 

The constant K, it will be noted, is 
expressed as the ratio of H,O, the gaseous 
product of equation (8), and the gaseous 
reactant, H.. For equilibrium with the 
solids Fe and FeO, it is immaterial (at 
1900° F.) whether the composition of the 
atmosphere is 40% H,O plus 60% Hy, or 
20% H,O plus 30% Hy, with 50% diluents, 
since the ratio of HO to H, is identical for 
each of these compositions. The value of K 
is a function of temperature only; a higher 
equilibrium ratio, HO to H., is found with 
increase of temperature. 

Let us examine the effect of non- 
equilibrium ratios. At 1900°F. a gas com- 
position of 8% H,O and 10% Hz, will be oxidizing 
to iron. This can be predicted because the H,O to 
H, ratio is 0.8, a value greater than 0.666, the 
equilibrium ratio at that temperature. Conversely 
the composition 4% H,O and 10% H, (which has 
a ratio of 0.4) will cause equation (8) to go from 
left to right, and any iron oxide will be reduced. 

When a similar study is made for CO and CO, 
in the reaction* 

Fe+CO,=Fe0+CO (6) 


the equilibrium composition is again a function 


K i 900° F. 0.666 (9) 


% CO for Curve A: Y% HO for Curve C 


of temperature only, and for each temperature 
single value of CO,/CO is found for equilibrium. 
The equilibrium ratios for equation (6) are entirely 
different from those for equation (3), as shown in 
Fig. 2. At one temperature, namely 1525°F., the 
two ratios are equal; the curves cross at this 
temperature. Below 1525° F., the CO, to CO ratio 
is the greater; above 1525° F., the H,O to H., ratio 
is the larger. In other words, water vapor is the 
stronger oxidizing agent at low temperatures: 
above 1525° F., CO, is the more potent. 

Just as the oxidizing and reducing reactions 
deal with gases or gaseous compounds containing 
oxygen (where the solid phases are iron and iron 
oxide) so the carburizing and decarburizing reac- 
tions deal with gaseous compounds containing car- 
bon (and where the solid phase is now carbon, 
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Fig. 2 Equilibrium Conditions for the Re- 
actions Between Iron and Carbon Dioxide 
(Curve A) and Iron and Water Vapor (Curve C) 


which is in solution with iron). Chemical reactions 
for the carbon supply are quite different from the 
reactions concerned only with the oxide phase. 
To illustrate this difference it will be necessary to 
define the term “partial pressure” and its influence 


on reactions. 


*EpiTor’s NOTE: Reactions (6) and (7) on page 

179 of last month’s Metal Progress were printed erro 

neously, they having escaped the scrutiny of our 

expert in freshman chemistry. Equation (6) is now 
reprinted correctly; equation (7) should have been 
3FeO + CO, =Fe,0,+CO (7) 
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Partial Pressure 


The reactions shown in equations (3) to (8) 
have a peculiar characteristic: The total volumes 
of the gases involved do not change with the reac- 
tion. For example, the “water gas” equation 

CO+H,0=CO,+ H, (10) 
reads one volume of carbon monoxide reacts with 
one volume of water vapor to form one volume 
of carbon dioxide and one volume of hydrogen. 
Regardless of the rate of the reaction or its direc- 
tion, two volumes of the reactants form two vol- 
umes of the products; there is no volume change. 
For such reactions the equilibrium composition is 
not affected by changes in pressure. 

It is the property of gaseous mixtures that 
each of the individual gases exerts a pressure equal 
to that which would exist if that one gas alone 
filled the entire volume. Natural air, for example, 
is roughly one-fifth oxygen and four-fifths nitrogen. 
The pressure exerted by the air is caused by the 
impacts of all the gas molecules in the mixture. 
Of these impacts, for every one coming from the 
oxygen, four come from the nitrogen. The same 
number of oxygen impacts (chances to react) 
would result if the nitrogen were entirely removed 
and the oxygen remained behind. The pressure of 
the oxygen would in that case be one-fifth that of 
the original mixture in the air. It is said that the 
“partial pressure” of oxygen in natural atmosphere 
at, say, 760 mm. of mercury pressure is 45 X 760 = 
152 mm. 

This connection between the total pressure of 
a mixture and the partial pressure of the gases 
found in that mixture was expressed by Dalton 
(1801), and is known as the “law of partial pres- 
sures”. One statement of it is that the total pressure 
of a mixture of gases equals the sum of the partial 
pressure of the gases comprising this mixture. 
An application of this law was cited in the experi- 
ments by Schenck on p. 177 of last month's issue. 

For the carburizing reactions, the partial pres- 
sures of the reactant gas and of the gas formed in 
the reaction (or product gas) have a pronounced 
effect on the equilibrium composition at a given 
temperature. The solid phase (carbon in solution) 
must, in turn, be evaluated in relation to the gas 
composition. For a steel of a given carbon concen- 
tration, the equilibrium composition of the gas 
phase is a function of the partial pressure of the 
gases directly concerned in the reaction, and also 
of the per cent of saturation of the carbon in 
Solution in the solid phase; these functions may be 
expressed in terms of the mass law, as will now 
be demonstrated. 


The Mass Law, and Supply Reactions 


Let us investigate the common gaseous com- 
pound CO for a single temperature. From experi- 
mental data it is known that at 1500°F. the 
equilibrium constant K for the decomposition of 
carbon monoxide into carbon dioxide gas plus 
solid carbon is 0.122. Since the interpretation of 
this decomposition reaction 

2CO=CO, + C (1) 
depends upon the actual pressures (as opposed to 
the relative pressures) of the gases involved in the 
reaction, the symbol Ky is chosen for the equi- 
librium constant, and we write 

2CO=CO,+(C); Kpyisooor.) = 0.122 (11) 

Equation (11) is a “supply” reaction; (C) 
represents carbon in solution in steel, that is, 
carbon in the austenite. Now, the degree of 
saturation of austenite for any plain carbon steel 
can be quite simply determined, at any temper- 
ature above the critical, from the iron-carbon 
diagram, Fig. 3. For example, at 1500°F. the 
carbon content for saturated austenite is 1.07% C. 
For a steel containing 0.60% C the degree of 
— 100 or 56%. 

07 . 

To apply the mass law to equation (11), two 
pressures must be considered, namely, the pres- 
sure of the gaseous phase and that of the solid 
phase — both expressed in atmospheres as units. 


saturation is 


“For the gas phase we have equation (12): 


P .,..~ concentration of CO + concentration of CO, 
where 100P,,, = “CO + %CO, 

The “carbon pressure” (a measure of chemical 
potential) of saturated austenite is unity —- that 
is, 1 atm. As indicated a few lines above, the 
pressure of the carbon content of a steel contain- 
ing less than the saturated composition of austen- 
ite at that temperature is given (approximately) 
by the degree of saturation. Thus we may express 
the pressure for the solid phase by the symbol 
Puig. If the steel is at 1500° F. and has 1.07% C, 
Pog = 1. If another steel at the same temperature 
has 0.60% C, Py. = 0.56 for that steel. 

The equilibrium constant for the gaseous 
phase in the carburizing reaction, Kp, is not given 
by the simple ratio of CO,: CO, such as is found 
to be true for the oxidizing and reducing reactions 
already discussed briefly. In those equations it 
will be noted that the gaseous phases on the two 
sides of the equation did not change in volume; 
one molecule enters the reaction, another molecule 
results; the reaction causes no change in gaseous 
pressure. However, in the relations between C, 
CO and CO, expressed in equation (1), it requires 
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two molecules of CO to produce one of CO,; the 

gas pressure of the mixture is accordingly lowered 

as the reaction proceeds. This affects the formula 

for the equilibrium constant, which is now written 

(CO,) (CO,) 

~ (€O)(CO) (CO)? 

where (CO,) and (CO) represent the concentra- 

tions of the respective gases in the atmosphere at 
equilibrium. 

It is often more convenient to use the ratio R 
between CO, and CO, as analyzed in the gas 
mixture. In other words 

% CO; AC aC 
If co ~ BR. then %CO,=R- %CO 
Substituting this value in equation (12): 


100P,,,= %CO+R- %CO 





(13) 


whence %CO=100P,,,° (12a) 


1 
1+R 
and also by substituting for CO in terms of R and 
CO, we have 


of = ._—————_ 
%oCOs=100P pax 


Using this notation in equation (13) we have 
R R? 
(CO) (CO,) 

These algebraic exercises are intended to lead 
up to a simplified equation of the mass law which 
includes the pressures of the solid and gaseous 
phases in the carburizing reaction. This relation- 
ship is 


Kp =z 





K= (13a) 


P,.,° concentration of CO, 





*Pona (14) 


(P,.,* concentration of CO)? 
wherein the fraction may be recognized from 
equation (13). 

Making the necessary substitutions, equation 
(14) becomes 


solid 


Kp=R(1+R) ——* 


(15) 
Fess 


Numerical Computations 


Perhaps a few computations may 


for equilibrium with carbon at 1500° F. when th 
atmosphere is diluted with nitrogen, or when the 
steel has any given carbon content. Such figures 
also show the need for a complete study of the 
iron-carbon diagram if we are to evaluate the 
problems of carburization and decarburizatiop, 
If we have a table or curve showing the variation 
of the equilibrium constant with temperature, and 
a means of producing atmospheres of CO, CO, and 
N., we can determine the correct gas analysis for 
an atmosphere which will neither carburize nor 
decarburize steel at heat treating temperatures. 

Such an interpretation of the equilibrium dat, 
where partial pressures are found in the gas phase 
allows us to apply a simple and useful rule for 
equations such as (1), where the decomposition 
reaction proceeds with a diminution of volume. 
The rule is this: An increase in pressure aids the 
reaction and a decrease in pressure hinders the 
decomposition. This rule is stated by “Le Chatelier's 
principle”, which says that if a reaction is pro- 
ceeding in a given direction, the conditions of 
equilibrium tend to bring the system back to its 
original condition. In other words, if the reaction 
causes a drop in pressure for the gases involved, 
the reaction is benefited by an increase in partial 
pressure. 

Le Chatelier’s principle allows us to evaluate 
qualitatively another reaction, the decomposition 
of the gaseous carbon compound known as 
methane, whose chemical formula is CH, and which 
is the principal constituent of natural gas. The 
decomposition reaction is 

CH,=2H.+C (16) 
Here one volume of the reactant gas decomposes | 
form two volumes of hydrogen with the deposition 
of free carbon. The nature of this equation is quile 
different from the one for the decomposition 0! 
CO, since it involves an increase in volume 
Decomposition of methane is consequently accel- 


Computation of Equilibrium Concentrations 





serve to illustrate the meaning of 
equation (15). From equation (11), 


T 
Srrvation | Pasco | % Diwuent | Poss| R 


% CO | % CO; 





Kp for 1500°F. was said to have an 
experimental value of 0.122. Assuming 
a total pressure of one atmosphere for 





| 


90.19 | 9.81 
19.547 0.46 
19.20 | 0.80 


0 | 1.00 | 0.1098% 
| 0.20 | 0.0238 


| 0.20 | 0.0418 


1.00 | 
1.00 | 80 
0.56 | 80 








the complete gas phase, let us analyze 
three situations: 

1. %CO+ %CO,=100; %C in steel=1.07 

2. *%ZCO+%CO,.= 20; %Cin steel=1.07 

3. %CO+%CO,= 20; %Cin steel=0.60 
From equations (15) and (12a), the tabulation 
shown at the right is made. 

Thus we can compute the effect of pressures, 
both gaseous and solid, on the gas compositions 


*Substituting in equation (15) we have 


1.00 
0.122=R + R2-—— 
1.00 


whence R?+ R=0.122 = 
and solving the quadratic equation we have R= 0.10% 
tFrom equation (12a): ela ; 


we have %CO=20 = 19.54 


1 
1+0.0238 
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Fig. 3 — A Portion of the Iron-Carbon Equilibrium 
Diagram Showing the Temperature and Concentration 
Limits Bounding the Region Where Austenite Is Stable. 
Note that the horizontal scale representing carbon con- 
tent is opened up toward the left so the area where fer- 
rite can hold carbon in solution can be better mapped 


erated by a decrease in the partial pressure of the 
reactive system of gases, and for that reason, 
among others, methane is an important component 
in supply reactions involving carbon — namely, in 
carburizing. On the other hand, when operating a 
clean hardening furnace, where the equilibrium 
condition alone is sought, it is generally necessary 
to hold the methane content of the atmosphere to 
a very low percentage of the total mixture. 


Carburizing 


The discussion of clean hardening atmospheres 
indicates that the analysis of reactions controlling 
the equilibrium for iron and carbon is considerably 
more complex than for iron and oxygen. While 
the oxide reaction has no pressure change in the 
gaseous phase, the carbon reaction will invariably 
deal with a pressure change. Again, in the oxide- 
forming process and the clean hardening process 
the dissolution of oxygen into the iron is of little 
quantitative importance. (Iron oxide is slightly 
soluble in iron, the limit of solubility being about 
enough to form 0.2% FeO. From the supply view- 
point, the iron-oxygen system is more concerned 
with the oxides forming on the metal surface — not 

t all the situation for the iron-carbon system.) 

The solubility of carbon in iron, as a function 
of carbon concentration already in the steel and 
of temperature, is a very important factor in the 
supply reaction at the steel’s surface, as well as 
having an important influence in the flow or diffu- 
sion of carbon in the solid steel itself. Carbon’s 


solubility is also affected somewhat by alloying 
elements found in the initial steel composition; 
nickel, for example, moves the line in Fig. 3 
representing the maximum solubility of carbon in 
austenite toward the left. When considering flow 
or diffusion of carbon into the steel, the solubility 
of carbon has a direct relationship with the carbon 
pressure of the atmosphere, and since the supply 
phase of the atmosphere (the amount of fresh gas 
that must be continuously introduced into the work 
chamber) is directly influenced by the rate of 
movement of carbon in the solid itself, the iron- 
carbon diagram, or rather that portion of the 
diagram reproduced in Fig. 2 showing the equilib- 
riums of solid phases, is of interest to men who 
wish to control the carburizing process. 

For carbon to flow in solid iron, it must be in 
solution, and a concentration gradient must exist 
— that is to say, diffusion can7Otcur only from a 
place where there is relatively. more carbon toward 
a region (perhaps only a microscopic distance 
away) that is leaner in carbon. 

The situation is complicated by the fact, shown 
in Fig. 3, that there are two solid solutions of 
carbon in iron, namely in alpha iron (ferrite) and 
in gamma iron. These two solutions have widely 
different properties, since the iron phases are of 
distinctly different forms. Ferrite, a very lean 
solution of carbon in alpha iron, has a maximum 
solubility of about 0.025 % carbon, this concentration 
being found at approximately 1330° F. for a plain 
carbon steel without appreciable percentages of 
metallic alloying elements. At temperatures above 
and below 1330°F., the saturated carbon concen- 
tration for ferrite is even less than this compara- 
tively small amount, and above 1670°F. ferrite 
transforms (“dissolves”, one might say, completely 
in austenite), and the phase no longer appears. 
Between 1330 and 1670° F. both solutions may be 
found in steel, existing as a mixture of ferrite and 
austenite; and for a definite temperature the 
proportions are fixed. The diagram mapping 
these and other phases is shown in Fig. 3. 

It is perhaps unnecessary to say that this dia- 
gram charts the concentration-temperature relation- 
ships for ferrite, austenite and cementite. Cementite 
is a chemical compound and so has but one com- 
position given by the formula Fe,C. Below 1333° F., 
steel in equilibrium is either pure ferrite (this is 
true only for very low carbon steels — really 
“irons” with less than 0.025% C) or it consists 
of a mixture of saturated ferrite and cementite. 


The higher the steel’s carbon the more the cement- 


ite in its microstructure. For concentrations above 
the saturation value for carbon in ferrite, the 
saturated ferrite is in equilibrium with iron carbide 
(approximately 6.66% C). At temperatures below 
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1333° F. any movement of 
carbon (such as changing 
the size or distribution of 
the cementite particles in 
the microstructure) is 
accomplished, atom by 
atom, through the ferrite 
phase. Thus, carbon may 
be removed from the sur- 
face (the trouble known as 
decarburization) only by 





Concentration 
Depth Curve 


phases, 0.50% C austenite ang 
ferrite (at the temperature 
the process, 1400°F.), and j 
moves in from the surface with 
time. In other words, as such , 
part is exposed longer and longer 
to a gas able to supply carbon 
continuously to its surface, and 
the temperature remains cop 
stant at 1400° F., the surface fer. 
rite absorbs enough carbon ty 











reducing the concentration 
of carbon at the exact sur- 
face to a figure below that 
representing saturated 
ferrite. 

It is worthy of repeat- 
ing that, from the flow 
standpoint, no carbon trans- 
fer is possible from the 
6.6% C carbide (cementite) 
to saturated ferrite, since 
these two constituents are 
ordinarily at equilibrium, 
each to each, for the tem- 
peratures in question. How- 
ever, it is possible for 
carbon to flow from the 
carbide to ferrite whose 
carbon concentration is 
below that of saturation. 
On maintaining the surface 
concentration below this 
saturated content by means of a proper gas, steel 
may readily be decarburized below 1330° F.; the 
rate of decarburization decreases with temperature, 
and for temperatures below 1100° F. the reaction 
rate is so slow that the effect is hardly detectable. 

It is at temperatures above 1330° F. that the 
movement of carbon becomes important from a 
process viewpoint. By suitably designed experi- 
ments, the interfaces mentioned above (surfaces 
between saturated ferrite and low-carbon austenite) 
may be demonstrated, as well as those between 
saturated austenite and cementite. Thus, at 
1400° F. it will be noted from Fig. 3 that the low- 
‘arbon austenite value (the lowest concentration 
of carbon found in austenite at that temperature) 
is approximately 0.50% C, while saturated austenite 
has at that same temperature a carbon content of 
0.90%. This means that if we carburize metal 
whose initial concentration is 0.02% C,it is possible 
to obtain — as in Fig. 4— a concentration gradient 
from 0.90% C at the surface to 0.50% C (or slightly 
above). Between the 0.50% C and the saturated 
ferrite (or remaining core of steel having only 
0.02% C) no gradient is possible at 1400° F. There 
is a sharply demarked surface that divides the two 


Fig. 4 — Microstructure and Concentration- 
Depth Curve of Magnet Iron, Practically 
Carbon-Free. After Carburizing 5 Hr. at 
1400° F. Magnification 100X, nital etch 


become austenite and build up 
its carbon content until i 
reaches 0.90% C. The “urge” 
to diffuse toward region 
where the carbon atoms hav 
more “elbow room” will build 
up a narrow shell or case 
where the carbon content of 
the austenite varies continv- 
ously from 0.90% at the out- 
side to 0.53% at the inside 
As soon as the inner surface 
builds up in carbon the least 
bit above the equilibrium per- 
centage (0.53% ), it encroaches 
upon the low-carbon metal 
underneath, thus thickening 
the case slowly. This is well 
illustrated in Fig. 4; action is 
slow; it took 5 hr. at 1400°} 
to produce a case about 0.006 
in. thick in magnet iron, 3 
material that is practically carbon-free. 

In another experiment to illustrate the fact that 
the A, line in the iron-carbon diagram, Fig. 3, is 
of importance in problems relating to carbon 
diffusion (such as carburization and decarburiza- 
tion), a steel was chosen whose carbon content ol 
0.41% C was somewhat below the minimum carbon 
concentration of austenite at 1400°F. (0.53° 
After heating this specimen at 1400°F. in a pre- 
pared atmosphere of rather large CO./CO ratio, } 
thin layer of almost completely decarburized meta! 
is found at the surface (Fig. 5), while the remain- 
der of the structure is homogeneous, and of the 
original 0.41% carbon content. As in Fig. 4 the 
transition from one structure to another is abrupt 

The final experiment illustrates the interface 
at equilibrium between saturated austenite and 
cementite. A cast iron test piece (3.50% carbon 
is decarburized at the surface, and then recal- 
burized at 1700° F. until the outer band is saturated 
austenite. The photomicrograph, Fig. 6, shows th 
outer band of 1.40% C, while the original structure 
of 3.50% C is found underneath, adjacent to the 
saturated austenite. Evidently it was in equilil- 
rium with it at 1700°F. To check this assumption 
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Fig. 5 — Steel With 0.41% C Heated at 1400° F. in De- 
carburizing Atmosphere Has Surface Laver Practically 
Carbon-Free, and Abrupt Transition to Original Car- 
bon Concentration in Base Metal. WNital etch, 50x 


a prolonged further heating at 1700°F. failed to 
change the position of the interface. 

The iron-carbon equilibrium diagram is indeed 
valuable in determining the limits of solubility for 
austenite as it varies with temperature. Saturated 
austenite is the common surface condition during 
a carburizing heat treatment, if the supply con- 
ditions are adequate. Under those circumstances 
the rates at which carbon is added to the steel 
surface may be readily evaluated. Concentration- 
depth curves (or C-X curves), showing the carbon 
content of the steel at various distances below the 
surface, are very useful in illustrating the numerous 
processes which are concerned with the movement 
of carbon in austenite. The subject of diffusion 
rates is an important one; both the times required 
for satisfactory cases and the characteristics of 
C-X curves are dependent on these diffusion rates. 
and they in turn are 
functions of both carbon 
concentration and furnace 
temperature. It seems 
important to repeat that 
all carbon flow depends 
on differences in concen- 
trations, and that these 


Fig. 6 — Cast Iron (3.50% C) Was Heated in De- 
carburizing Atmosphere, Then Recarburized at 
1700° F. Note sharp demarcation between case 
with 1.40% C (saturated austenite at 1700° F.) and 
original structure of cast iron. 5% nital etch, 100 X 








tors controlling these processes. They serve the 
purpose of defining the limitations to be encoun- 
tered, and of expressing the nature of the control 
problems. As is the general nature of all processes, 
the control characteristic is primarily one of flow. 

Expressed in terms of flow, these control 
factors may be listed: First comes the control of 
temperatures, or rather the rates at which heat 
flows in or from the solid charge, or in the gaseous 
mixtures used for preparing the atmospheres. Next 
may be considered the interface and supply reac- 
tions; these are affected by the gas compositions 
and by the rates of flow of these compositions past 
the steel surfaces. Finally, the rates at which the 
solute (carbon) flows in the solid solvent (iron) 
must be correlated with the flow of solute (carbon) 
from the surrounding atmosphere, or with its 
rate of supply. 

The quantitative correlation of these factors 
deals, in large measure, with the equilibrium com- 
positions at given temperatures between reactants 
and the products of their reaction. One of the first 
requirements is the consideration of general for- 
mulas, expressed in terms of temperature and of 
partial pressure, for the individual compounds per- 
tinent to our processes. Such a list must be appli- 
cable to any reactions we may care to investigate, 
subject to the limitations imposed by reaction 
rates. Equally important for carbon in solution|are 
diffusion rates and their effect on C-X curves 
Process requirements may be evaluated from for- 
mulations for the interface reactions and for solute 
flow in the solid, and many of the more important 
factors can be expressed in graphical form. 

When the requirements are known and the 
process adequately evaluated, the attainment of 
control demands that the rationale of the operation 
be both simple and prac- 
tical. Control of heating 
and cooling rates and of 
the flows of gaseous mix- 
tures is of first impor- 
tance; in this respect 
design limitations must 
be fully appreciated. In 





differences must occur in 





short, the complete prob- 





either or both of the two 
solutions of carbon in 






lem may be roughly 
divided into (a) require- 





iron, namely, ferrite and 
austenite. 
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ments of the process, (b) 
principles governing the 
process, and (c) process 
control. Once these are 
understood the intensely 
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Testing and Control of 


Spot Welds in Aluminum 


By Gerard H. Boss 


Aeronautical Materials Laboratory 
Naval Air Experimental Station 
Naval Air Material Center 
Philadelphia Naval Base 


The third portion of a survey of wartime de- 
velopments in the spot welding of aluminum 
alloys. Previous installments (‘‘ Macroscopic 
Examination”’’ and ‘‘Radiographic Ap- 
praisal”) were published in the February and 
April issues of Metal Progress. 


HE MECHANICAL TESTS applied to spot welds 

include shear, tensile, impact, and fatigue 
tests. Ordinarily, single-spot specimens or multi- 
spot panels are tested, but some tests have been 
made on scale models and full-size production 
weldments. ‘ This review will be limited to a dis- 
cussion of the static testing of simple test speci- 
mens. Such testing is used almost exclusively 
today for determining the quality of spot welds. 


Test Specimens 


Hess, Wyant and Averbach made extensive 
comparisons of different types of specimens, using 
both 52S-4%2H and alclad 24S-T aluminum alloys 
(references No. 1 and 2). At the time these papers 
were written (1942) the aircraft industry was 
using two types of static shear specimens — the 
single-spot specimen and a_ two-spot specimen 
having both welds on the center line of the speci- 
men. It was because of doubt concerning the 
validity of results from the two-spot specimen that 
the first of these investigations was made. 

Care was taken to maintain uniform welding 
conditions throughout these tests, and numerous 
single-spot shear specimens were tested in order 
to check the uniformity of the welds. The mini- 


mum width to develop the full strength of 
single-spot shear specimens was found to be 
52, 34, and 1% in. for 0.020, 0.040, and 0.064- 
in. alclad 24S-T sheet, respectively. 

As a result of extensive tests, it was 
found that the single-spot specimens yielded 
as much information as the two-spot speci- 
mens. Also, there was danger with the two- 
spot specimens that the welds might not be 
aligned during testing and that the apparent 
strength would be decreased because of the 
torsional stresses added to the tensile shear- 
ing load. Accordingly, it was recommended 

that the two-spot specimen be abandoned and the 
simpler specimen be used exclusively. 


Ductility of Spot Welds 


The U tensile test was also studied in this 
investigation. This test employs specimens bent 
from strips into the shape of a U. The specimens 
are spot welded together at the flat surfaces form- 
ing the bottoms of the U’s. Holes are drilled oppo- 
site each other in the shanks of the U’s and rods 
are put through the holes. The specimens are 
tested by pulling the rods away from each other. 
The U test is never used by itself as a measure of 
the strength of spot welds, put the results are com- 
pared with single-spot shear specimens welded 
under the same conditions. The ratio of the ten- 
sile strength to the shear strength is considered 
a measure of the ductility of the spot welds, and 
the use of this ratio has been recommended by the 
Welding Research Committee of the American 
Welding Society. The ratios of U strength to shear 
strength were 0.31, 0.29, and 0.29 for 0.020, 0.040, 


*The opinions or assertions contained in this 
article are the private ones of the writer and are not 
to be construed as official or reflecting the views of 
the naval service at large. 
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AUSTENITIC STAINLESS 
MAY DO IT BETTER. 


Hundreds of companies are today setting new 
standards of low-cost performance through the judicious 
use of austenitic chromium-nickel stainless steels. 


By redesigning these stainless chromium-nickel alloys 
often permit making parts much lighter in weight, 
while still providing ample structural strength. 


Not only can you trim bulk and deadweight by using 
chromium-nickel stainless . . . you can assure longer service 
life because these alloys are resistant to attack 
by nearly all oxidizing acid conditions. 


In elevated temperature service they resist creep, 
scaling or oxidation, and at low temperatures they remain 
tough and offer exceptional resistance to impact. 


You can draw, spin, forge, weld, solder, punch, shear 
or bend chromium-nickel stainless steels. 


They are used where you need high resistance to 
corrosion and heat, along with good resistance to impact, 
wear and abrasion. They assure long, trouble-free 
performance of equipment, the appeal of beauty 
and durability in decorations, hygienic 
cleanliness as well as economy in food, drug, 
chemical and other process industries. 


Leading steel companies produce austenitic 
chromium-nickel stainless steels in all commercial forms. 
A list of sources of supply will be furnished on request. 


THE INTERNATIONAL NICKEL COMPANY, 
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Z —_ 


Teace ween 











Over the years, International Nickel has accumulated 
a fund of useful information on the properties, treat- 
ment, fabrication and performance of engineering 
alloy steels, stainless steels, cast irons, brasses, 
bronzes, nickel silver, cupro-nickel and other alloys 
containing nickel. This information is yours for the 
asking. Write for “List A” of available publications. 


INC. 67 Wall St., New York 5, N.Y. 
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Fig. 1 — Histograms of Spot 
Welds in 0.040-In. Alclad 24S-T 
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and 0.064-in. alclad 24S-T sheet, respectively. For 
52S-%2H the ratio was 0.61, considerably better 
than for 24S-T. (Exceptionally ductile welds, 
such as those in low-carbon or stainless steels, 
have even higher ratios.) It was found that 
slightly wider single-spot shear specimens were 
required for 52S-%H than for 24S-T. The extra 
width is for stiffening, since the softer 52S-42H 
specimens have a greater tendency to bend. Bend- 
ing throws the spot into direct tension and causes 
failure at a lower load. 


Quality Control 


The aim of all welding engineers is to make 
welds that are consistently good. Consistency is 
desired in all the details for which welds are 
inspected, and for spot welds the results of shear 
tests are particularly important. Since these 


results are expressed as numbers, they are suscep- 
tible to statistical analysis. Furthermore, shear 
tests are costly, and it is desirable to reduce them 
to the smallest number needed to assure adequate 
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control of the production welds. Statistical analy- 
sis of the test results may show to what extent the 
number of specimens can be decreased with no 
significant decrease in the reliability of the infor- 
mation obtained. 

It is informative to plot the results of shear 
tests, in groups of convenient size, on dispersion 
charts called histograms. Figure 1 shows a histo- 
gram of 100 spot welds in 0.040-in. alclad 245S-T. 
The strength of the spot welds represented by 
each vertical column is given by its distance from 
the left-hand edge. The number of spot welds rep- 
resented by each column is given by its height 
each horizontal line above the base line represents 
two spot welds. On the same graph are three other 
histograms, for the first 25, the first 50, and the 
first 75 welds. It is apparent that the distribution 
of strength for the first 25 welds is not the same as 
for the entire 100 welds. 

Figure 2 illustrates another way of showing 
dispersion. In this graph the lower, jagged curve 
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Fig. 2 — Analysis of Consecutive Spot 
Welds in 0.040-In. Alclad 24S8-T 


represents the strength of each successive weld, 
the strength being given by its distance above the 
base line. The smoother, top curve represents the 
current used for the welds, as determined on an 
oscilloscope, with readings taken on every tenth 
weld. Figure 3 is a histogram of 100 spot welds 
in 0.064-in. alclad 24S-T sheet. This group shows 
a more regular distribution than the welds repre- 
sented by Fig. 1 and 2. As can be seen from Fig. 
1 and 2, there is no apparent relation between the 
order of any spot weld in this series and its 
strength. 
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Numerous investigators have pointed out that 
the consistency of strength will be better on high- 
strength welds than on low-strength welds. Thus, 
the higher the average strength for a group, the 
less is the chance of any particular weld being 
below the specification minimum. The maximum 
shear strengths that can be used without danger 
of cracking are 285, 645 and 1055 Ib. per spot for 
0.020, 0.040 and 0.064-in. alclad 24S-T sheet, 
respectively. 


Statistical Methods 


An adequate system of quality control must 
be based on proper sampling, the extent of which 
will depend on the rigor of control desired. The 
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Fig. 3 — Histogram of 100 Spot 


in the process. A test result slightly outside the 
limits usually indicates the need for slight adjust- 
ment in the controls of the machine. Wider dis. 
placements are caused by more serious defects in 
the process, such as poor surface preparation or 
improper application of forging force. By the use 
of such a control chart, faults may be detected 
sooner than by the observations of the machine 
operator. This will frequently result in savings 
in maintenance and repair costs. These test 
results can also be plotted consecutively and short- 
time or long-time trends can then be observed. 

In general, the cantrol limits on shear strength 
imposed by graphs such as are shown in Fig. 4 
will be stricter than the requirements of specifica- 
tions such as AN-W-30. This is necessary in order 
to detect faults in the process as soon as possible 
and before any rejectable welds are produced. 
Because of variations in the operation of indi- 
vidual spot-welding machines, it may be necessary 
to make slight changes in the chart according to 
the machine it is to represent. 

This brings up another principle of statistics: 
The origin of samples for any one statistical analy- 
sis should be as nearly alike as possible. Thus, 
samples from electromagnetic machines should 
not be analyzed in the same group with those from 
electrostatic machines, alternating-current 
machines, or resistance welding machines pow- 
ered with storage batteries. 

Although statistics is not the most difficult 
branch of mathematics, it does involve more than 

simple arithmetic. Readers 
who would like information 
theory and 





W elds in 0.064-In. Alclad 24S-T 


greater the accuracy and rigor 
of control, the more costly the 
system will be. 

Experience has shown 
that a small number of sam- 
ples taken at frequent inter- 
vals, and then compared with 
each other and with estab- 
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concerning the 
various metallurgical appli- 
cations of statistics may refer 
to the article on page 187 of 
the 1948 @ Metals Handbook 
and to the references given 
there. For the analysis ol 
simple systems of data such 
as the results of shear tests 
on spot welds, only a few 
statistical formulas are neces- 
sary. References No. 3, 4 and 
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lished standards, yields more 0 





information than large groups 100 
taken less frequently. For 
purposes of controlling the 
daily or hourly production, 
these samples would be com- 
pared with the limits estab- 
lished by a chart such as 
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5 include some specific infor- 
mation about the statistical 
calculations involved in the 
analysis of data of this 
nature on spot welds. 

The statistical quantities 
most used are the mean, the 
standard deviation, and the 








Fig. 4. If the samples fall out- 
side the dashed lines (control 
limits) an adjustment or cor- 
rection is needed somewhere 


coefficient of variation. The 
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Fig. 4 — Control Charts for Spot Welds 


mean, X, is simply the aver- 
age. The standard deviation. 
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>. a measure of dispersion, is the root mean square 
of the deviations from the mean. The significance 
of the standard deviation depends on the value of 
the mean. For instance, a standard deviation of 
90 is large if the mean is 120, but small if the mean 
is 1500. For this reason the coefficient of variation, 
C,, is often determined. It is a measure of relative 
dispersion and is equal to the standard deviation 
divided by the mean. The result is usually expressed 
as a percentage. By use of the coefficient of 
variation, the dispersions of several series of spot 
welds in different thicknesses of sheet can be 
compared. 

Statisticians have shown that, in a normal 
distribution, the range X +o will include 68% of 
the values. The range X + 26 will include 95% 
of the values. Hess, Wyant, Averbach and Winsor 
presented tentative criteria for rating the consist- 
ency of spot welds according to the coefficient of 
variation (reference No. 3). In this system, if the 
coefficient of variation is between: 

0 and 5%, the consistency is excellent 

5 and 10%, the consistency is good 

10 and 15%, the consistency is satisfactory 

15 and 20%, the consistency is poor 

More than 20%, the consistency is unacceptable. 

Specification AN-W-30 does not require the 
use of statistics for determining the dispersion of 
data. It merely states that statistical methods 
may be used to analyze the results of shear tests 
and that the number of the tests may be decreased 
if such analysis demonstrates that control will 
still be adequate. 
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to 222-s, 


4. “Quality Control in Aircraft Spotwelding”, by 
N. C. Clark. Welding Journal, V. 23, January 1944, 
p. 48-59, 

5. “Some Conclusions Regarding Welding and 
Statistical Quality Control”, by J. B. Butler. Welding 
Journal, V. 24, October 1945, p. 909-914. ) 
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Bits and Pieces 


Any book published by the 
@ (except Metals Hand- 
book) is offered for publish- 
able items on metals and 


their production and control 


Locating Cavities in Test Disks 


N additional method of revealing the location 

and providing records of defects such as pipe, 
cracks, gas cavities, laps or flakes, has been 
developed by the research department of the Min- 
istry of Supply, and used successfully at the 
Steelworks at Barrow-in-Furness, England. 

The specimens are prepared in the usual way 
for sulphur printing, after which they are 
immersed in concentrated hydrochloric acid for 
30 min. to intensify the defects, when they are 
thoroughly washed in water and dried. This is 
followed by immersion in a solution of sodium 
sulphide with water (1:2) for 45 min. The speci- 
mens are dried and contact-printed in the usual 
way, using photographic bromide paper soaked in 
2.3% sulphuric acid solution. 

It has been found that the method is useful 
in conjunction with a normal sulphur print, and 
furnishes a permanent record of any defect which 
consists of some form of cavity. (HENRY THOMPSON, 
Steelworks, Barrow-in-Furness, Lancashire ) 


Calibration of Testing Machines 
With Proving Ring 


PROVING RING is an elastic steel ring used 

in the calibration of testing machines. The 
deflection of such a ring is measured along the 
diametric line of loading by means of an inter- 
nally-mounted micrometer screw and vibrating 
reed (see cut). The micrometer screw, which is 
mounted on an internal boss located at the bottom 
of the ring, carries an anvil or button whose travel 
is accurately measured by means of a graduated 
dial. The vibrating reed, which consists of a strip 
of spring steel carrying a small hammer on the 
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Arrangement for Using a Contact Microphone in the 
Calibration of a Testing Machine With a Proving Ring 


free end, is fastened to an upper internal boss by 
a rigid mounting designed to prevent the damping 
of reed vibrations. 

In calibrating a testing machine, a load is 
applied to the ring and the micrometer is adjusted 
for a reading while fhe load is either held constant 
or is being increased at an extremely low rate. 
When the proper adjustment of the micrometer 
has been obtained, readings are taken of the indi- 
cated load on the dial of the testing machine and 
of the setting of the micrometer dial. 

-There are two methods in common use for 
determining the proper setting of the micrometer 
dial for any given load applied to the ring: (a) 
listening for a characteristic buzzing sound pro- 
duced when the vibrating reed contacts the 
micrometer button and (b) watching for a change 
in the amplitude of the vibrating reed when the 
micrometer button has been advanced just far 
enough to interfere with the vibration of the reed. 
An experienced operator can calibrate as accu- 
rately by sight as by sound, and his choice of 


method may depend largely on lighting conditions 
and on the magnitude of background noises. 

In order to obtain reproducible and accurate 
calibration data by method (a), it is important 
that a buzzing sound of the same intensity be 
obtained for each set of no-load and load readings, 
The variables that may influence the selection of 
the correct reading point are both physiological 
and mechanical. Some operators cannot discrimi- 
nate between sound intensities of low audibility. 
Mechanical noises associated with the operation 
of the testing machine, or from other machinery 
in the vicinity, can interfere with or completely 
obscure the tone emitted by the vibrating reed. 

A method that tends to equalize differences 
in auditory perception and to exclude interfering 
background noises, makes use of a contact micro- 
phone, audio-amplifying unit, and headphones (see 
cut). Although an air microphone might be 
employed, especially if it were made directional 
in order to mask undesirable sounds, a light- 
weight contact microphone is preferred because 
the reed tone can be picked up near the source, 
where it is loudest, while background noises, some 
of which are carried through the testing machine 
and ring, are heard as relatively weak signals. 
Rubber bands are used to hold the microphone 
button firmly against a face of the boss in which 
the reed is clamped. The proper functioning of 
the ring is not affected, because the reed mounting 
is not a part of the elastically stressed section of 
the ring. The weight or bulk of the microphone 
need not interfere with the operation of the ring; 
compact microphones weighing less than two 
ounces are available, for instance Amperite Kon- 
tak Mike, Model SKH (Hi-Impedance) with phone 
plug, manufactured by Amperite Co., 561 Broad- 
way, New York. The audio amplifier may be any 
of the compact one- or two-tube units, with a 
volume control, now available at many radio sup- 
ply companies. (D. H. Row Lanp, research asso- 
ciate, Research Laboratory, Carnegie-Illinois Stee! 
Corp.) 


A Funnel for Powdered Plastic 


HEN filling the mold chamber for mounting 

specimens, metallographers may use a folded 
chute of paper, a spoon or a spatula. These are 
all rather awkward for the purpose. 

I have found that a small glass funnel which 
conveniently fits the hand is ideal. It is held with 
the forefinger over the end. After the funnel is 
filled, the finger becomes a valve to regulate the 
flow of powder into the mold. This is a positive, 
quick method for performing an operation which 
otherwise often results in the spilling of a some 
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whai expensive powder and a messy workbench. 
(Bert R. LANKER, metallurgist, Farrell-Cheek 
Stee! Co.) 


Pitting of Steel Parts During 
Barrel Tumbling 


EVERAL years ago at a factory making small- 

arms parts, considerable trouble was caused by 
the pitting of steel parts during barrel tumbling 
for the purpose of deburring. Figure 1 is typical 
of the pitting encountered in a wide range of car- 
bon and alloy steels in various conditions of heat 
treatment. The pitting 
occurred occasionally and 
irregularly, and usually 
made it necessary to scrap 
the entire barrel load of 
work. When the pitting 
occurred it did so within 
about half an hour after a 
run was started. 

The barrels were of a 
standard octagonal type, 
open at one end and run at 
a speed of about 20 to 30 
r.p.m. The axis of rotation 
was at about 45° from the 
vertical, the exact angle 
depending on the specific 
job being done. 

A typical charge 
included 50 lb. screened 
milky quartz chips, 2 Ib. 
abrasive, 4 oz. soda ash, 25 
to 30 Ib. steel parts, and 
enough water to cover the 
charge. The total volume of charge was from 
half to two thirds the capacity of the barrel. The 
soda ash was added to prevent rusting of the steel 
parts. Under normal conditions an _ excellent 
deburring job was obtained after 6 to 12 hr. of 
tumbling. 

It was thought that perhaps the water used 
was the cause of pitting. Therefore the charge 
was tested daily for alkalinity (pH) and for 
chlorides. With satisfactory results a range of 
pH of 10.4 to 11.4 was obtained, and no chloride. 
Pitting next occurred two months after the daily 
readings commenced, and the pH of this charge 
was 9.3, indicating insufficient soda; again chlo- 
rides were absent. 

A pilot barrel of capacity about one tenth 
that of the standard barrel was then set up in the 
laboratory, and charges were run with varying 
concentrations of soda ash. The results of tests 
carried out for 12 hr. were as follows: 


Fig. 1 


When there was no soda ash in the water 
added to the barrel, the steel parts were rusted 
and numerous small pits could be seen at a mag- 
nification of 10 diameters. 

When the water contained 0.5% soda ash, 
the pits were fewer but more pronounced, as 
shown in Fig. 2. 

With 0.75% soda ash in the water, the pits 
were still fewer but larger and deeper (Fig. 3). 

With 1.0, 1.5, 2.0, 3.0 and 4.0% soda ash, 
there was no pitting and no rust. 

Components were then immersed for several 
days in soda solutions of the same concentrations 
as those mentioned above, but with neither agita- 





= 


Fig. 2 Fig. 3 


Fig. 1— Typical Pitting That Occurred During Production Barrel 
Tumbling of Steel Parts; Fig. 2—Pitting That Occurred When the 
Tumbling Solution Contained 0.5% Soda Ash; Fig. 3— Pitting That 
Occurred When the Tumbling Solution Contained 0.75% Soda Ash 


tion nor aeration. No pitting nor rusting occurred. 

It was concluded, therefore, that: 

1. Pitting and rusting may occur in steel 
parts during tumbling when the alkalinity of the 
tumbling solution is insufficient. 

2. As the alkalinity is increased, rusting dis- 
appears and the pits become more pronounced, 
but fewer in number, until they disappear at con- 
centrations of about 1% soda ash. (This figure 
of 1% may apply strictly only to our specific con- 
ditions, but it is likely that analogous results 
would be obtained under other conditions.) 

3. Even if there is insufficient alkalinity, 
either agitation or aeration, or both, appears to be 
necessary to produce pitting. 

As a result of this work, a minimum soda 
concentration of 2 to 3% was specified, and pitting 
no longer occurred. (A. L. Simmons, Ammunition 
Factory, Department of Munitions, Melbourne, 
Australia) 


September, 1948; Page 349 











Automatic Polishing 


of Metallographic Sample; 


By E. D. Holt 


Technical Service Dept. 
Precision Scientific Co. 


Chicago 


Most technicians abhor to polish metailographic 
Mr. Holt would bring joy and effi- 


ciency to the laboratory, with an automatic machine 


specimens. 


that polishes as many as twelve samples at one 
time. The procedure is unusual in that the same 
abrasive is used for the first three polishing op- 


erations, which are done on an alundum stone, a 


lead lap, and cloth, successively. 


BOUT ten years ago, Tracy Jarrett developed 

an automatic machine for polishing metal- 
lographic specimens (@ Transactions, V. 27, 1939, 
p. 758). Recently, we have modified Dr. Jarrett’s 
original procedure, and improved results have been 
obtained in the polishing of both ferrous and non- 
ferrous metals. 

Cutting and Mounting — The first step in metal- 
lography is cutting the specimen from the bar or 
other piece. For this operation, we use an abrasive 
cutter operating under water at 2200 r.p.m., which 
produces a smooth surface requiring no further 
preparation before being mounted. 

We then mount the specimen in bakelite, using 
a thermostatically controlled pneumatic press that 
will make a mount in from 8 to 10 min. The 
mount, produced in a mold built into the press, 
has a chamfered edge on the surface to be polished, 
and this prevents the edge from digging into the 
lap during polishing. 

The Polishing Machine — The polishing 
machine, shown in Fig. 1, has a horizontal lap 
that rotates counterclockwise while the specimen 


holder is being driven clockwise at a 
slightly slower speed. This minimizes 
grooving of the lap by the specimens. 
The lap rotates at 96 r.p.m. and the 
holder at 90 to 92 r.p.m. These speeds 
are fast enough to get effective cutting 
action with the abrasive, yet slow 
enough so that the abrasive is not 
thrown from the lap by centrifugal force. 
The laps are easily removable and inter- 
changeable on the same machine or on 
various machines. From the surface as 
obtained from the cutting-off machine, 
to the finished surface, only four laps 
and two abrasives are required. 

The specimens are loaded in the 
6-unit or 12-unit holder of the polishing 
machine. A special fixture is provided so that all 
the specimens are on one plane surface, extending 
', in. out of the holder. Sleeve adapters may be 
used so that specimens 1 in. in diameter as well 
as those 1% in. in diameter may be loaded in 
the same holder. 

The laps are designed so that the stones are 
cemented on a backing and, when the stone is 
worn down, a new stone may be cemented to the 
same backing. The cloths may either be cemented 
to the backings or clamped on without using 
cement. 

The Polishing Procedure — Most polishing 
procedures use coarse abrasive for the first step 
and a finer abrasive for each succeeding step. In 
our procedure, we use the same abrasive for the 
first three steps or laps, thus eliminating the possi- 
bility of contaminating the following laps. 

We use 900-grit abrasive first on an alundum 
stone lap, then on a lead lap, and finally on a Vel- 
Chamee cloth lap. The only washing done is that 
necessary to clean the specimen so that the surface 


may be observed. At the end of the third step, 
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we wash the specimens and e f v | a "Rv ey one minute. If some of -the 
holder thoroughly. We ar y . *. »- specimens have been improp- 
then do the final polishing - ; erly mounted and grind slowly 
of the specimen with “Pre- iw ~ c ? or on only a portion of the 
cisionite” polishing powder 7 Bee surface, weights may be added 
on kitten’s-ear cloth. This Y ee" . A The on top of the holder. The sur- 
surface will be flat and free -~ f < , J faces will then be ground flat 
from seratches, with the “ ‘on a A, 4 in another minute or two. 
edges and inclusions pre- _ wv . o , The second step makes 
served, and may be photo- <= ° : 4, 1 use of the lead lap. The sur- 
graphed at magnifications / Fey face of the lap is washed thor- 
as high as 750 without any . » & — ¥ oughly, but the specimens and 
other preparation. | ae a / 4 holder need not be washed at 
The first lap used is 4 ~ rs / this stage. The entire surface 
a 500-grit alundum stone. 4 4 a J 
The surface of this stone . 4 ¢ Fig. 2 (at left) a 
is kept Gat By the use of Rg 4y in Cold Rolled Steel, 600. 
edging stones that are eo: = 


worked over the surface of 
the alundum stone. The 
specimen holder with speci- 
mens is then placed in posi- 
tion and the first grinding step is started. The 
stone must be thoroughly wet before work is 
started. The 900-grit abrasive is used in the form 
of a thick slurry or paste, and is added from time 
to time in order to keep the stone wet, but not 
wet enough to cause the abrasive to be thrown 
from the surface. This step is continued until 
the specimens are flat. This usually takes about 


aX: 


Fig. 1 — Polishing Machine With Six-Specimen Holder 
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Fig. 3 (below) — Edge of Case 


Hardened Steel, 750. Both 


specimens etched with 2% nital 





of the lap is covered with the 900-grit abrasive 
paste. Care must be taken that the lap does not 
run dry. Small amounts of water are added from 
time to time, but not enough to flood the surface 
of the lap and throw the abrasive off. During the 
last minute of the run, extra abrasive is added to 
make sure that the specimens are ground scratch- 
free. Only enough washing is necessary to make 
it possible to see the surface of the specimens, 
which should be a uniform dark gray. Some users 
of polishing machines find it desirable to add a 
weight to the holder to speed this operation. 

In the third step, the same 900-grit abrasive 
is used again. The Vel-Chamee cloth is first washed 
thoroughly, and the abrasive added, making sure 








i 
” 


=~ 









that the entire surface of the lap is covered. The 
specimen holder, containing specimens, is then run 
for ten minutes on this lap. The specimens should 
not run on a dry lap. However, the lap should 
not be so wet that the abrasive is thrown off. The 
specimens should not be run longer than necessary 
on this lap, lest pitting occur. Some of the speci- 
mens may not appear to be finished, but they will 
clear up in the final step. Sometimes a little soap 
is used in this step. At this point the specimen 
holder and the specimens are washed. 

In the final step, the kitten’s-ear cloth is used. 
It should be rinsed thoroughly first. On this cloth 
we use our Precisionite polishing powder in the 
form of a paste, applied so that the abrasive covers 
the entire surface of the lap. The specimens are 
run on this lap for 30 min. Toward the end of 
this period, a small amount of soap solution may 
be added to aid in cleaning the abrasive from the 
specimens, as this abrasive has a tendency to cling 
to the specimens and stain them. Here again, care 
must be taken that the lap does not run dry or 
too wet. If the samples are run on a dry lap, 
relief polishing occurs. 

The specimens should be washed thoroughly, 
removed from the holder, washed again and dried. 
Normally they will be free from scratches, flat, 
without rounded edges, and the inclusions will be 
retained. Photomicrographs up to 750 X can be 
made without further polishing. 

This procedure works well for cast irons, 
steels, brasses and similar materials. However, for 
specimens of aluminum, magnesium, and soft 
copper we have found it best to omit the polishing 
on Vel-Chamee cloth and to go directly from the 
lead lap to the kitten’s-ear cloth. As the Precision- 


Fig. 4— Malleable Iron, 750 X, 
Etched With 2% Nital 


ite polishing powder stains some types of alumi- 
num, we use a specially prepared, levigated abrasive 
for polishing aluminum. We have also found that 
some of the harder materials such as stellite and 
nitrided steel will polish better on a cast-iron 
surface than on the lead lap. However, the same 
900-grit abrasive is used. 

Four specimens of various compositions, pol- 
ished at one time using the above procedure, then 
etched and photographed, are shown in Fig. 2 to 5, 
Graphite is retained in both malleable and gray 
cast irons; nonmetallic inclusions are retained 
also and the structures of these inclusions can be 
seen clearly. 

Summary — We can polish from 6 to 12 speci- 
mens of various hardnesses at one time, but it is 
better to polish specimens of similar hardness 
together. The automatic polisher produces a sur- 
face that is difficult to attain by hand polishing. 
When automatic polishing is done properly, hand 
polishing is unnecessary. Nonmetallic inclusions 
are preserved in automatic polishing more readily 
than in hand polishing. Furthermore, polishing 
can be done by inexperienced assistants, and they 
are not so reluctant to prepare specimens as when 
the more tedious hand polishing is required. 

Specific advantages of the automatic polishing 
are: (a) Decrease in preparation time; (b) uniform- 
ity of polish, which assures proper metallographic 
interpretation; (c) preservation of specimen edges 
— especially important on samples to be examined 
for decarburization, plated surfaces or other special 
features; (d) maintenance of parallel sides on 
mounted specimens — necessary when the speci- 
men is to be tested for microhardness; and (e)/ 
superior retention of inclusions and graphite. § 


fare 
rs Za a ae ee 
Fig. 5—Copper Rod, 500 X, Etched 


With Ammonium Peroxide 
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LIST OF EXTRUDED SHAPES 
Sinker Head with Verge Pilate, complete 
with sinkers and dividers 
5 brass extruded shapes 

Knocking-Over Bar 
2 brass shapes 


w 
2 aluminum extruded shapes 
Picot Bar 
2 aluminum extruded shapes 
Narrowing Fingers 
1 brass, 1 aluminum shape 
Jack Bed and Spring Bar 
5 brass shapes, 1 aluminum 
Needle Bor 
2 magnesium, 1 brass shape 











Some parts of the Sinker Head, and Knock- 
ing-Over Bar, with the Extruded Shapes 
from which they are made. 


SS, 


Narrowing Fingers, Picot Bar, Welt Bar, 
all using Extruded Shapes. 


SS 


Needle Bar, with the larger of the two 
magnesium Extruded Shapes that save so 
much weight. 











Two sections of a hosiery knitting machine, converted to 31 gauge by Fred C. Good 
& Sons, Inc., Philadelphia, with extensive use of Revere Extruded Shapes. 


Ou would never think that a business such as Revere’s would be affected 
Yo fashion, but sometimes it is. Take women's hosiery. The demand for 
sheer stockings has resulted in a tremendous re-gauging of knitting 
machines, to convert them to 51 gauge from the coarser pre-war gauges. 
In carrying out such re-gauging, Fred C. Good & Sons, Inc., Philadelphia, 
Pa., has become a good customer for Revere extruded shapes, which are 
used in making new essential knitting parts, except, of course, the needles, 

The Revere Technical Advisory Service-collaborated closely with the 
Good engineers in this wide use of extruded shapes, with particular atten- 
tion to flatness, straightness, and uniformity of alloy and temper. Knitting 
to fine gauges means narrow tolerances. In 51 gauge, for example, 476 
sinker slots have to be cut in 14%, and the tolerance overall must be held 
to 0.0015”. This requires especially uniform material to begin with, such 
as Revere supplies and exceptional machining skill. 

The demand for finer gauge full-fashioned stockings (50 million dozen 
pairs per year) has made higher machine speeds desirable. Use of magnesium 
in the needle bar, the largest vertically-moving part, saves about 2/3 the 
weight of the previous steel or iron bar, with less vibration and somewhat 
lower power consumption. But according to the Good company, Revere's 
chief contributions have been these: supplying uniform metals that can be 
finished to the closest tolerances, and working out the application of 
extruded shapes to reduce the amount of machining, making possible 
lower costs and a higher rate of production . . . Perhaps Revere can do as 
much for you. No matter what you make, why not ask the nearest Revere 
Office to send a man over to discuss the advantage of extruded shapes 


in your business? 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; lik; Detroit, Mich; New 
Badherd Mame hols PEP Che este Pei New 
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Personals 


Albert Raitzer @ has resigned his 
position as tool metallurgist with AC 
Spark Plug Div., General Motors 
Corp., to accept the position of chief 
metallurgist with the Midwest Tool 
and Mfg. Co. in Upper Sandusky, 
Ohio. 


J. A. Kies @ has left Oak Ridge 
National Laboratories and is now em- 
ployed as metallurgist in the me- 
chanics division of Naval Research 
Laboratory at Washington, D. C. 


Paul T. Aylward @, former in- 
structor in the department of metal- 
lurgical engineering at Rensselaer 
Polytechnic Institute, is now an engi- 
neer in the research department of 
the Bethlehem Steel Co. 


After being graduated from North 
Carolina State College, Harvey Gitt- 
ler @ has been appointed engineer 
at the American Valve Co., Coxsackie, 
ms es 


The Texas Co. has transferred A. 
C. Keiser, Jr., @ from lubrication 
engineer in Atlanta, Ga., to the same 
position in Birmingham, Ala. 








WHEN YOUR H.S.S. TOOLS AND FORM CUTTERS 
ARE HARDENED THE SENTRY WAY 


Sentry High Speed Steel Hardening Furnaces employing 
Sentry Diamond Blocks give full hardness to molybdenum, 


tungsten and cobalt high speed steel cutting tools and high 


resistance to wear and breakage because the neutral atmos- 


phere produced permits thorough soaking at hardening temper- 


atures without danger of surface oxidization or decarburiza- 


tion. Form cutters remain true to size and shape, no grinding 


necessary after hardening. 









Sentry Furnaces are fast, clean and economical. Anyone 
can operate them. Ideal for tool room or production 
line. Write for information or send samples to be heat 


treated. Ask for bulletin 1054-A9. 
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On graduating from Michigan Co). 
lege of Mining and Technology, R. D. 
Schoch @ has accepted a position 
with the Ladish Co. of Cudahy, Wis. 


Edward J. J. Tracey, IJr., @ was 
recently appointed to the research 
staff at Pennsylvania State College. 


After graduating from Carnegie 
Institute of Technology, Eugene F. 
Lucas @ accepted a position as a met. 
allurgical engineer with Molybdenum 
Corp. of America, Washington, Pa. 


Fred J. Tobias @ has recently 
joined the Hampden Brass & Alumi- 
num Co., Springfield, Mass. 


Formerly materials development 
engineer with the Western Electric 
Co., Chicago, Paul M. Winslow @ is 
now associated with the Solar Air- 
craft Co. as metallurgist of the Des 
Moines, Iowa, plant. 


Having recently received his MS. 
in metallurgy at the University of 
Notre Dame, John F. Collins @ is now 
a metallurgical research engineer for 
the Union Carbide & Carbon Research 
Laboratories, Niagara Falls, N. Y. 


Alex J. Rose @, formerly in the 
metallurgical department of the Van- 
dergrift plant of Carnegie-Illinois 
Steel Corp., is now manager of the 
Guaranty Roofing Co., Miami, Fla. 


Waldemar Naujoks © has recently 
joined the staff of Girard Associates, 
forge and press shop engineers, 
Chambersburg, Pa., as specialist on 
forge shop problems and sales. Mr 
Naujoks was for many years chief 
engineer at the Steel Improvement & 
Forge Co., Cleveland, and more re- 
cently manager of the forged valve 
division of the Ohio Injector Corp. 
Wadsworth, Ohio. 


Horizons, Inc., announce the ap- 
pointment of Morris Steinberg © 
the staff of the metallurgy depart- 
ment of their laboratory. Dr. Stein- 
berg received his degree from Massa- 
chusetts Institute of Technology this 
past June. 


Gordon H. Silver @, formerly 4 
member of the metallurgical staff of 
the Cincinnati Milling Machine Co., 
has recently accepted the position of 
chief metallurgist with the Monarch 
Machine Tool Co., Sidney, Ohio. 


Frederick J. Winsor @, formerly 
research assistant in the welding lab- 
oratories at Rensselaer Polytechnic 
Institute and research metallurgist at 
Armour Research Foundation, has re 
cently joined the engineering research 
department of the Standard Oi! ©. 
of Indiana, where he will have charge 
of welding research. 
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ORNERS 
EFY FATIGUE 
RACKS LONGER 


EN if you haven't heard Dr. Edgar Bain’s fine papers on 
Mtch-effect”, you've probably notched a stick or a tube to 
k it easier. The notch, generalizing, has much the same 
“| as a wedge. Sharp corners or projections on alloy which 
fntermittently heated cause failure with a “Wedge”, too, for 

corner presents very much more surface to the heat than 
at section. This greater surface causes the corner to heat 
or: the greater heat penetration causes greater expansion in 
directions under the corner. Not only a “Wedge” is created 
the corner leads the mass in heating, thus being in compres- 
in heating, and under tension when cooling and contract- 
ahead of the mass. 


HEN you compare a Genera! Alloys design, like the X-ite 
ups for Bridgeport Brass shown here, you will generally find 
all corners, or at least those nearest the heat source, are 
rounded “Wire Edge”. If you understand patterns, you 
bw that it takes costly patterns, often two patterns parted on 
enterline (instead of one “flatback”), to make round edges. 
} more important, it is vital to take accurate, precise “Flasks” 
, ground pins, molding machines of precision quality and 
intenance. Cleaning, with partings on internal centerlines, 
s more, too. The patterns and rigging, the extra time spread 
r a good size order, may run a dime or fifteen cents per 
nd more but you'll get it back four-fold in service. 


FE. at General Alloys, do everything we know to make our 
juct cost you at least 50% less PER-HEAT-HOUR-OF-SERV- 
and make the EXTRA QUALITY in the FIRST cost PAY 
FIDENDS. 


HAT is why General Alloys Sales Engineers do not need to 
ow to the “Price Buyer”, or to price “competition”. Long 
rience has taught us that a “Price Buyer” is generally one 
does not keep records of his alloy performance. (Someday 
| probably start.) If you, Mr. Reader, are a close buyer, and 
think some other alloy is actually costing you less in service 
» GA. Top Quality, we will consider giving you a CASH 
SATE GUARANTEE OF SUPERIOR PERFORMANCE PER 3 
tT, under normal operating conditions (and most abnormal 
, with comparative records kept. 


olks Who Keep Records Keep General Alloys 


E American Farmer is just so darn prosperous that the 
ish Cousins are designing artistically decorated china for 
U.S. farm home. We're giving some to our Illinois farm 
nts for Christmas, as it exactly expresses our sentiments, 
Let the Wealthy and Great, Roll in Splendor and State, I 
them not, I declare it. I eat my own Lamb, my own 
‘kens and Ham, I shear my own Fleece and I wear it. I have 
ns, | have Bowers, I have Fruits, I have Flowers, the Lark 
my morning Alarmer. 

So, Jolly Boys now, here’s Speed to the Plough! 

Long Life and Success to the Farmer! 
lis a touching British thought, indeed 
rhat U.S. Ploughs need extra Speed 
So all the Cousins we can feed. 
ody at this moment needs less sympathy than the American 


her 












Y time there aren’t enough people who will pay cost plus 
ir profit for conscientiously made Alloy Castings, we'll give 
Tamworth Hogs another whirl . . . but we don’t see them 
#s in the immediate future. , 


ERs torre _ 


THESE GENERAL ALLOYS COMPANY OFFICES AT YOUR SERVICE 


> 7 DAYTON LOS ANGELES 

mann ustr Corp. Tenney Combustion Engrg. King & Anderson Co 

513 Park Ave. 810 Wayne Ave. 1001 N. Vermont Ave. 
BOSTON DETROIT 

General Alloys Co. General Alloys Co. MILWAUKEE 

405 West First St. 3-147 Gen’l Motors Bldg Gerlinger Equipment, Inc 
BUFFALO FORT WAYNE 610 West Michigan St 
RE. Lynd Geo. O. Desautels Co. 

812 Tacoma Ave. 416 Utility Bldg. MUNCIE 

General Alloys Co. Glidden Engrg. & Equip. Co Wysor Bidg., P. O. Box 776 
224 S. Michigan Ave. 3802 Winchester at Hussion ee Stine 

LEVELAND INDIANAPOLIS 

E. E. Whiteside Geo. O. Desautels Co. General Alloys Co. 

1211 St. Clair Ave. 2302 N. Meridian St. 50 Church St. 
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PHILADELPHIA 
W. J. Fitzpatrick 
1421 Chestnut St 


PITTSBURGH 
Chew & Burke Equip. Co 
911 First Natl. Bank Bidg 


ST. LOUIS 
Associated Steel Mills, Inc 
3615 Olive St 


TULSA 
The Condit Company 
1011 South Main 
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When CARLSON Says 
LARGE STAINLESS PLATE 


We Mean LARGE! 


This type 304 Stainless Steel plate measures 203” x 168” x 2”, to be pattern 
cut to customer specifications in the Carlson plant. 

Produced to chemical industry standards of quality, this plate, weighing 
5,180 Ibs., is a typical example of the ability of G. O. Carlson, Inc. to meet 
your needs in a wide variety of stainless analyses. 

Remember too, that Carlson can supply you as readily with stainless 
plates, forgings, billets, sheets, bars, rings, etc. in ANY SIZE, small or large, 


pattern cut if you desire. Most orders can be filled right out of stock. 
When it's Stainless GO to CARLSON first. 


on 


Do you receive the G. O. Carison, 
Inc. weekly stock list? If not drop 
us a line. No obligation. 


G.EARLSON, 


Stainless Steels Exclusively 
300 MARSHALTON ROAD, THORNDALE, PA. 
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Personals 


Herbert S. Kalish @ is now re. 
search metallurgist in the Electr: 
Storage Battery Co., Philadelphia 
He received his M.S. in February 194 
from University of Pennsylvania 
where he also worked in the thermo. 
dynamics research laboratory. 


Richard R. Haag @, formerly met- 
allurgist for Firestone Steel Products 
Co., Akron, Ohio, has rejoined Car. 
negie-Illinois Steel Corp. as product 
metallurgist in the Youngstown, Ohio, 
district. 


R. K. Waldvogel @, formerly 
assistant welding engineer at Pull- 
man-Standard Car Mfg. Co., Worces- 
ter, Mass., has joined the Johnson 
Mfg. Co., Urbana, Ohio, as welding 
engineer. 


Having recently graduated from 
the University of Illinois, Raymond 
L. McGaughey @ has accepted a po- 
sition on the research staff of Elgin 
National Watch Co., Elgin, II. 


Wilson C. Vanderslice @ is now 
employed by Downingtown Mfg. Co., 
Downingtown, Pa., as a draftsman in 
the engineering department. 


In addition to his duties as plant 
metallurgist of Mall Foundry Divi- 
sion, American Chain & Cable Co., 
David Tamor @ has assumed the po- 
sition of chief metallurgist of the 
Reading plant. 


Earl J. Sundin ©, formerly in the 
metallurgical department of Car- 
negie-Illinois Steel Corp., is now sales 
engineer for Michicna Products Corp. 
with offices in Moline, IIL, and terri- 
tory including western and southern 
Illinois and Iowa. 


O. W. Rathbun @ is now metallur- 
gist at Mare Island Naval Shipyard, 
having been transferred from Puget 
Sound Naval Shipyard. 


J. L. Gregg ©, formerly assistant 
to vice-president, Bethlehem Steel Co., 
Bethlehem, Pa., is now professor of 
metallurgical engineering, school of 
chemical and metallurgical engineer- 
ing, Cornell University. 


John K. Killmer @ has been ap- 
pointed by Bethlehem Steel Co., Beth- 
lehem, Pa., as metallurgical engineer 
on the staff of the operating vice 
president to succeed Henry Wysor @, 
who is retiring. Mr. Killmer has been 
associated with Bethlehem Steel since 
1923, while Mr. Wysor had been with 
the company since 1918. 
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Why these carburizing pots will last a 


\ONE lone {me 





Carburizing is tough on furnace parts 
and fixtures. Repeated exposure to high 
heat and carburizing atmospheres causes 
heat treating equipment to carburize.. . 
often in a short time. 

But not so with INCONEL! Time and 
again, heat treating equipment made of 
this Nickel-base alloy has shown the abil- 
ity to withstand severe conditions of heat 
and embrittling atmospheres without 
being attacked. 


In addition to being heat-resistant and 
corrosion-resistant, the carburizing pots 
shown above point to other advantages of 
Inconel. INCONEL offers workability. It 
can be readily formed. INCONEL can be 
weldéd ... welded to form joints that are 
both heat and corrosion resistant. 


Your nearest INCO distributor stocks 
INCONEL in a variety of wrought shapes 
and sizes such as bar, sheet, rod, strip, 
wire, and tubing. This helps to simplify 





INCONEL 


(80 NICKEL - 14 CHROMIUM) 
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your design problems and keep fabrica- 
tion costs down. 

Look over your own heat treating in- 
stallations today. You may find many 
places where INCONEL’s unique combi- 
nation of properties will make substantial 
long-range savings possible. 

When it is necessary to design heat 
treating equipment as castings or as a 
combination of cast and wrought con- 
struction, experienced specializing alloy 
foundries are well equipped to handle 
your requirements in high Nickel-Chro- 
mium alloys. 

Meanwhile, send for your free copy of: 
"Inco Nickel Alloys for Long Life in K zat 
Treating Equipment."’ Remember, too, 
that our Technical Service Department 
is always ready to help with your metal 
selection problems. 


aid | 
a] 


— 


















—— —- 
’ 

ia 

vt 

‘ 


. 
_ 
eS 


od 


| F 


CR AMEN 


Carburizing pots. fabricated from 
Le” botrolled INCONEL SHEET 
Inside diameters vary from 8 to 
14°. Made by the K & H Manu- 
facturing Co. of San Francisco, 
California 


EMBLEM OF SERVICE 


teat wate 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N. Y. 


— for long life at high temperatures 


*Reg. 1. 8. Pat OF 
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High Temperature Lubrication... 


400° F. and up! 


A large Midwestern steel company reports that easily applied 
“Darmold” Mold Wash—produced with **dag’? colloidal graphite 
by the Dacar Chemical Products Company, Pittsburgh—has simplified 
ingot stripping...lengthened mold life...improved surface quality of 
ingots...reduced ingot product conditioning costs. 

In the steel industry, as in countless other industries, “dag”? 
colloidal graphite dispersions are continually conquering problems of 
high temperature lubrication. Perhaps one of the many **dag’* 
colloidal graphite dispersions is the answer to your particular problem. 

In addition to high temperature lubrication *“*dag®® colloidal 
graphite dispersions are ideal for use in opaquing, parting, impregnating, 
general lubrication, and electronics work. 

Consult Acheson Colloids engineers for possible money-saving 
applications of these versatile products in your business. Clip the coupon 
and mail NOW. 

Acheson Colloids Corporation, Port Huron, Michigan; Boston; New 
York; Philadelphia; Pittsburgh; Cleveland; Detroit; Chicago; St. Louis; 
Los Angeles; San Francisco; Toronto. 


Pouring and stripping steel ingot. 





Send us information 
on “dag” colloidal 


RU AAU EIS ion 
for: 
Extreme (high or low) temperature lubrication [ | 
General lubrication [| Parting [ |] 
Impregnating [_] Opaquing [_] 


Electronic applications [| 








48] 40th Anniversary Year 


Acheson Colloids Corporation 





Port Huron, Michigan 
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TEMPER SCREWS AT ‘0.000 093 6 
FUEL COST PER POUND 


Lindberg Steel Treating Co., Chicago, the world’s largest custom heat 
treating organization and companion company to Lindberg Engineering 
Co., uses twenty-nine 100% forced-convection Lindberg Cyclone Fur- 
naces for low-cost production tempering of many jobs—from tiny screws 
to 4 ton charges of forgings. 

Here is one typical job, self-tapping screws tempered in one of the 
nine furnaces shown above (the third one from the front— it has a work 
chamber 22” in diameter by 26” in depth). Note the low unit cost. 





FUEL COST $0.000 O93 6 PER LB. 

Weight of charge 1019 Ibs. 

Temperature 600° F. 

Time in furnace 65 minutes 

Lindberg Cyclone Furnaces can help re- Fuel consumed 159,000 BTU (1.59 Therms) 

duce the costs and improve the quality of Fuel cost @ 6c Therm Pre 
your tempering, annealing, nitriding, stress- Hardness is easily controlled to plus or minus 1 Rockwell “C.” Heat- 
relieving and non-ferrous heat-treating. ing is rapid and uniform. Heat is generated in a separate chamber 
Bulletin 53, “Lindberg Gas Fired Cyclone away from the charge, then circulated by blower through all parts of 
Tempering Furnaces,” tells how. Ask for the work chamber. All work is uniformly heated at the same instant— 
tt. (Bulletin 14 covers Electric Cyclones.) radiant heat does not reach outside of charge first . . . and center last. 





LINDBERG FURNACES 
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€5 Convention Papers 


JN THE following pages are 
abstracted the convention papers 
issued as @ Preprints 1 to 20. 
These papers will be presented at 
the first five technical sessions of 
the National Convention, which is 
to be held in Philadelphia, October 
25 to 29, 1948. In the October issue 
of Metal Progress, the remaining 
papers, Preprints 21 to 44, will be 
abstracted. The complete program 
of technical sessions was published 
in the August issue of the Metals 
Review, page 23. 
In the abstracts that follow, 
statements enclosed in brackets are 
comments by the abstracter. 


Paper 1, Session 1 


The Isothermal Decomposition of 
Martensite and Retained Austenite 


By B. L. Averbach 
and Morris Cohen 


The rates of isothermal decom- 
position of martensite and retained 
austenite were determined by X-ray 
diffraction and by precise measure- 
ments of length. Two steels were 
studied: carbon toolsteel contain- 
ing 1.07% C, and S.A.E. 52100 with 
0.21% V. [The steels were quenched 
from below A,,,, and therefore con- 
tained undissolved carbide. Conse- 
quently, the exact carbon and alloy 
contents of the austenite are not 
known. The austenitizing treat- 
ments used resulted in more retained 
austenite in the carbon steel than 
in the alloy steel.] 

During the first stage of temper- 
ing at low temperature, martensite 
rejects part of the dissolved carbon. 
Retained austenite also decomposes 
isothermally at low aging tempera- 
tures. As much as 5% retained 
austenite may transform isother- 
mally at room temperature. ([Cir- 
cumstantial evidence leads the 
authors to conclude that this aus- 
tenite transforms to martensite.] 
Austenite decomposes rapidly dur- 
ing the first 1% hr. after the 
quench, and more slowly for sev- 
eral months. If the tempering tem- 
perature or time is increased enough, 
the retained austenite decomposes 
to bainite. 

Fourteen graphs are included, 
showing the magnitudes and rates 
of dimensional changes on aging. 


The results of this research have 
considerable importance in connec- 
tion with the dimensional stability 
of toolsteel, and the authors discuss 
the significance of the results for 
practical heat treatment. 


Paper 2, Session 1 


The Dimensional Stability of 
Steel. Part IV — Toolsteels 


By B. S. Lement, 
B. L. Averbach and M. Cohen 


Dimensional stability is defined 
as the ability of a steel to maintain 
a given size over a long period of 
time after it has been heat treated 
and finished to final dimensions. 
This does not include the dimen- 
sional changes that occur during 
hardening, nor the distortions that 
may result from stress relief. 

Dimensional changes are 
reported for four low-alloy and two 
high-alloy toolsteels during aging at 
68° F. (20°C.) for as long as one 
year after selected heat treatments. 
The effects of these treatments are 
explained on the basis of the 
decomposition of martensite and 
retained austenite. 

The following steels were stud- 
ied: carbon toolsteel (1.07% C), 
ball bearing steel (S.A.E. 52100 with 
0.20% V), tungsten die steel (1.59% 
W), manganese die steel (1.17% 
Mn), M-2 high speed steel, and high- 
carbon high-chromium die steel 
(1.54% C, 12.0% Cr). 

Fourteen tables of data are 
included, showing the dimensional 
changes in each steel during aging 
for 1 week, 1 month, 3 months, and 
1 year. after different tempering 
and refrigeration treatments. 

In low-alloy toolsteels, dimen- 
sional stability is increased by the 
presence of chromium, tungsten 
and manganese and by the use of 
as high a tempering temperature as 
hardness requirements will permit. 
Refrigeration, whether done before 
or after single tempering at 
temperatures below about 300° F. 
(150° C.), increases the rate of con- 
traction over that obtained without 
refrigeration; however, refrigera- 
tion does increase the hardness. 
Long-time tempering at low 
temperatures, with or without 
refrigeration, results in a_ better 
combination of hardness and 
dimensional stability than short- 
time tempering at high temperatures. 
Interrupted quenching during hard- 


Metal Progress; Page 362 


ening, as compared with direg; 
quenching to room temperature, 
results in decreased dimensiongj 
stability; however, by the use of 
higher tempering temperatures after 
interrupted quenching, dimensiong) 
stability can be improved at the 
expense of hardness. The dis. 
advantage of decreased hardness 
can be avoided by the use of long. 
time tempering and refrigeration 
cycles after interrupted quenching. 

The dimensional behavior of 
M-2 high speed steel and high. 
carbon high-chromium toolsteel js 
more complex than that of low. 
alloy toolsteels, as relatively large 
amounts of austenite are retained 
and the tempering temperature 
normally used conditions the 
retained austenite for transforma- 
tion (secondary hardening) during 
cooling to, or holding at, room 
temperature. For this reason, it is 
much more difficult to stabilize 
high-alloy toolsteels than low-alloy 
toolsteels, despite the use of higher 
tempering temperatures for the 
high-alloy toolsteels. Refrigeration 
after hardening aids in promoting 
dimensional stability by causing 
the transformation of a large 
amount of retained austenite. Nor- 
mally hardened high speed steel 
can be stabilized without cold treat- 
ment by multiple tempering and oil 
quenching, instead of air cooling, 
from the tempering temperature. 

A cyclic treatment involving 
refrigeration, tempering, and oil 
quenching from the tempering tem- 
perature is particularly effective in 
promoting dimensional stability in 
high-carbon high-chromium die 
steel. Fair stability can be attained 
by simple tempering at a low 
temperature, but considerable aus- 
tenite remains. 


Paper 3, Session 1 


Transformation and Retention of Aus- 
tenite in 5140, 2340 and 11340 
Steels of Comparable Hardenability 


By A. R. Troiano 


The author presents isothermal 
transformation diagrams for three 
steels (S.A.E. 5140, 2340 and T1340) 
that have nearly identical Jominy 
hardenability curves. The amounts 
of retained austenite and the micro- 
structures of the Jominy bars are 
correlated with the transformation 
characteristics of austenite in the 
same steels. (Continued on p. 354) 
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PHOTOMICROGRAPHY ... with these Kodak products— 
For recording phase distribution, and for making other detailed 
studies of materials directly, Kodak offers: Kodak Metallographic 
Plates, high contrast plates suited to blue or green illumination; 
Kodak ‘‘M”’’ Plates for general photomicrography—a wide range 
of contrast, sensitive to all colors; Kodak Ektachrome Film, 

a color film that can be processed in 90 minutes by the 
user; Kodachrome Film, for processing by Kodak. 


> 
€ 
é 
: 


2. X-RAY DIFFRACTION... with these 


< 7s 
3 ways photography Kodak products—For recording stresses, 
a phases, and crystalline species by x-ray diffraction, 
. the fastest film is Kodak Industrial X-ray 
shows STRUCTURES Film, Type K. For a fine grain emulsion that 
r permits smooth microdensitometer traces you 
choose Kodak Industrial X-ray Film, Type A. 


of materials Three other Kodak films of different character- 
eee istics are also available for x-ray diffraction. 


3. MICRORADIOGRAPHY ...with these Kodak 


products—For recording composition in depth by 
microradiographs of the highest resolution, Kodak 
recommends Kodak Spectroscopic Plates, Type 548-0, 
in a holder that assures good emulsion-specimen contact. 
For microradiographs of lower magnification, four other 
Kodak materials of higher speed are available. 


Microradiograph at 35X of same alloy sample. 
Fleecy veined structure is a projection of three- 
dimensional copper-rich cells, and dark crosses 
are copper-poor areas where solidification began 
during cooling of casting. 


Excetient background information on Kodak Wratten 
Light Filters and photographic materials for use with the 
microscope can be found in the 174-page Kodak book 
“Photomicrography.”’ Order it from your local dealer. 


Kodek fms for eray ditraction, anda pamphict that FUNCTIONAL 


provides complete directions for building a simple holder 

for microradiographic specimens. For these, and answers PHOTO GR APHY 
to specific questions on products, write to Kodak. is advancing 
Eastman Kodak Company, Rochester4,N.Y. scientific technics 


**Kodak"’ is a trade-mark 













Brake Shoe Research serves you today, and anticipates tomorrow.” 


@ If you need heavy cast parts made by the most 
modern methods to insure quality and efficiency, consider the 
10,000 diesel engine base shown above. For this casting Brake 
Shoe selected a type of Meehanite® providing ample strength 
and having the dampening capacity so necessary in such a casting 
to prevent the building up of excessive strains. 

You can count on impartial, experienced recommendations 
from Brake Shoe metallurgists and foundry technical personnel. 
Whether ABK Metal, Gray Iron or Meehanite® is suggested, 
you can be sure the best for your purpose will be selected. Cast- 
ings can be made in widely-used types (light, medium or heavy 
weight, green or dry sand or all core assemblies) including 
intricate or special types. Outline your cast parts requirements; 
let us tell you how we can fill them. 
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(Continued from p. 362) 

In the isothermal transformation 
diagrams for the three steels, the 
relative positions of the A, temper. 
atures and of the pearlite and baip. 
ite reactions differ, causing differen 
amounts of overlapping of the 
pearlite and bainite reactions jp 
the three steels. [Most of the pre. 
viously published transformation 
diagrams for these steels do no 
show the overlapping and separa. 
tion of pearlite and bainite rm 
actions. } 

As in nearly all low-alloy steels 
the bainite reaction does not go to 
completion in the upper intermedi. 
ate temperature range, and austenite 
is retained at room temperature 
after partial transformation to 
bainite in the upper range, even 
though the normal M, temperature 
of the steel is considerably above 
room temperature. 

The Jominy bars were cut up 
and analyzed by X-ray diffraction 
to determine the relative amounts 
of austenite at different positions 
along the bar. In each steel, only 
a small amount of austenite is 
retained near the quenched end of 
the Jominy specimen. This amount 
increases to a maximum at about 
one inch from the quenched end, 
and then decreases. For similar 
treatments, steel 2340 retains 
slightly more austenite than T1340, 
and substantially more than 5140. 

Despite the fact that the Jominy 
curves are the same for these three 
steels, the microstructures at a 
given position in the Jominy bar 
differ considerably. It is evident 
that microstructures containing dif- 
ferent proportions of ferrite, bain- 
ite, austenite and martensite may 
have the same hardness, and thus 
the Jominy curve may show as 
similar two steels that have differ- 
ent structures when quenched at 
the same rate. 


Paper 4, Session 1 


The Microstructure 
of Low-Carbon Steel 


By R. L. Rickett 
and F. C. Kristufek 


Most of the data in this paper 
are for rimmed steel containing 
0.06% C and 0.43% Mn. A tentative 
isothermal transformation diagram 
indicates that ferrite forms very 
rapidly from austenite in this steel, 
even at temperatures well above 

(Continued on p. 366) 
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Designed for hatermediate Service ESECAT 24 


... where the full properties of the more costly Dea pe a 
on higher alloy high speed steels are not required! 


 dif- ; om ; . 
yain- This new ELECTRITE MV family of high speed steels is the product Heat Treating Date — Electrite MV-2 


may of years of research by Latrobe Electric Steel Co. metallurgists. 
thus Developed specifically to fill the need for Intermediate Alloy High 
as Speed Steels, the MV family is suitable for uses where higher alloys 
ffer- are not required. 

1 at The introduction of these new steels marks another step forward 
; in Latrobe's continuing efforts to produce for industry better steels for 
better tools at lower cost. 


These intermediate high speed stee!s ore recommended for small drills and 

on 1 reomers, thread chasers, tops, pipe tops, efc., wood-working knives and 

cutters and for body stock for carbide-tipped drills and reamers. Our sales 

engineers will be glad to assist you in selecting the proper grode for your 
sash keoti 
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DURALOY 
Mig 


This is something relatively 
new and certainly consid- 
erably better than the con- 
ventional one piece tray. 








if you require heat-treating trays 
in your plant, why not investi- 
gate the Duraloy Articulated 
Tray*? The principle of design 
permits wide variations in size 
and shape. Send us a sketch or 
description of your present trays 
and we'll design a Duraloy Tray 
to take its place and let you 
know what it will cost. 


If interested in high alloy castings generally, 
send for our Catalog 4729-G. 


THE VURALU Y coMPANY 








9—DU—2 
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(Continued from p. 364) 

Ae, (1335°F.). Transformation of 
the remaining austenite require, 
more than 24 hr. just below Ae.. 
about 15 sec. at 1200°F., and Wd 
than 1 sec. below 1000°F. [The 
temperature is probably abou 
900° F. for this steel.] Thus , 
marked change in the rate of cool. 
ing has only a slight effect on the 
transformation temperature range. 

Reheating previously box. 
annealed steel (R,50) dissolves car. 
bon in ferrite and increases the 
hardness to as much as R,70. Fur. 
ther hardening to about R,,90 will 
occur during the subsequent aging 
of the fully solution-treated ferrite 
at room temperature. But holding 
the solution-treated ferrite at tem- 
peratures between 400 and 1000°F, 
eventually decreases the hardness 
to about that of the box-annealed 
steel (R,50). (The maximum hard. 
ness after quenching from above 
Ae, is approximately R,105.) Time 
temperature-hardness curves are 
presented for these solution and 
carbide-precipitation treatments. 

Eighty-eight micrographs are 
included in the paper and _ these 
illustrate the effects of the follow- 
ing variables: austenite transforma- 
tion temperature and time, rate of 
continuous cooling, prior austenite 
grain size, prior ferrite grain size, 
prior carbide grain size and dis- 
tribution, temperature and duration 
of carbide precipitation from fer- 
rite, and temperature and duration 
of prior annealing. The amount of 
cold reduction is also a variable. 


Paper 5, Session 2 


Influence of Ni and Mo on 

the Isothermal Transformation 

of Austenite in Pure Fe-Ni and 
Fe-Ni-Mo Alloys With 0.55% C 


By D. A. Scott, 
W. M. Armstrong and F. A. Forward 


A metallographic investigation 
of isothermal transformation of 
austenite is described for two series 
of pure iron-nickel-carbon alloys 
containing 0.55% C and 0, 2, 3.75. 
and 5% Ni. One series contained 
no molybdenum, the other 0.35% 
molybdenum. 

In alloys without molybdenum, 
as the nickel content is increased: 
The appearance of visible pro 
eutectoid ferrite and, of pearlite is 
retarded; the formation of nodular 
bainite is more readily observed; 

(Continued on p. 368) 
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Specify MISCO Precision Castings 
for mass production of small 
intricate steel parts _.. 


MISCO offers industry large quantity production of very accurate, smooth 
finished castings in metals and alloys having high melting temperatures. 
Such materials include carbon and low alloy content steels as well as the 
highly alloyed stainless steels. Of the latter, Misco manufactures precision 
castings in plain chromium hardenable grades and the austenitic chromium- 
nickel-iron types such as 18-8. Misco Precision Castings compare favorably 
in soundness, perfection of surface, and dimensional accuracy with parts ma- 
chined from forgings or.from rolled bars. Very complex shapes can be repro- 
duced in minute detail to dimensional tolerances of + .004” per linear inch, 
and in most cases no machine work is necessary. Tooling is carried out at 
low cost, and conversion from blue print to large scale output is quickly 
accomplished. Misco will assist with your design, material and production 
requirements, and complete information will be furnished on request. 





Investigate the Misco Precision Cast- 
ing Process for the manufacture and 
replacement of ro like this. More 


than 100,000 of these castings have 
been made to the most exacting physi- 
cal and metallurgical specifications. 


YOU NEED THIS BOOKLET 


Provides you with valuable and 
essential precisivn casting data 


The striking qualities of the Misco Precision 
Casting Process are fully described in our 20- 
page booklet. Compiled to present the latest 
developments in precision castings to indus- 
tries requiring small, accurate steel parts in 
large quantities. it's new, complete, and 
authoritative. Send for your copy now 


PRECISION CASTING DIVISION 
Michigan Steel Casting Company 


1998 GUOIN STREET «+ 
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FURNACES 


As far as cost and out-put are concerned, non-produc- 
tive time is waste time—and the periods consumed in 
recharging a furnace are certainly non-productive. 
That’s why you save—both time and money—with 


Lectromelt furnaces. 


Lectromelt’s top charge feature makes recharging a 
quick, simple process that drastically reduces furnace 
down time. The furnace roof is raised and swung aside 
hydraulically, the charge is dropped in and the roof 


repositioned. Then you're ready for “power on”. 


Lectromelt furnaces are available in sizes ranging from 
100 tons to 250 pounds. Write today for complete 


details. 


MANUFACTURED IN 


CANADA Lectromelt Furnaces of Canada, 
Ltd., Toronto 2 

ENGLAND ] 

SWEDEN 

AUSTRALIA, 

FRANCE Stein et Roubaix, Paris 

BELGIUM S. A. Belge Stein et Roubaix, 
Bressoux-Liege 

SPAIN General Electrica Espanola, Bilbao 

ITALY Forni Stein, Genoa 


Birlec, Ltd., Birmingham, England 


PITTSBURGH LECTROMELT FURNACE CORPORATION 
Pittsburgh ..30,.. Penna. 
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(Continued from p. 366) 
the minimum temperature for for. 
mation of nodular bainite is Jow. 
ered appreciably. [The term 
“nodular bainite” refers to the 
structure formed near the temper. 
ature of maximum rate. Other 
investigators would perhaps cop. 
sider this structure a mixture of 
ferrite and nodular pearlite.} 

In alloys containing 0.35% Mo, 
as the nickel content is increased: 
The appearance of visible pro 
eutectoid ferrite is retarded more 
than in the molybdenum-free alloys; 
the acicular character of ferrite 
formed at intermediate temperature 
becomes more apparent; the acicp- 
lar ferrite and feathery bainite 
reactions, as represented on the 
isothermal curves, become more 
widely separated. 

In all 0.35% Mo alloys exam- 
ined: The acicular ferrite reaction 
is followed by carbide rejection 
and later by agglomeration and 
growth of the carbide phase as a 
separate constituent; the time re- 
quired for the formation of visible 
pro-eutectoid ferrite is approxi- 
mately ten times that observed in 
the molybdenum-free alloys, and 
this multiplying factor is uninflu- 
enced by temperature or nickel 
content; the similar multiplying 
factor for bainite is uninfluenced 
by temperature but is apparently 
decreased exponentially by increas- 
ing nickel content. 

Only the beginning line of the 
isothermal transformation diagrams 
is reported. The criterion for the 
beginning of transformation was 
the first visual appearance of any 
transformation product in at least 
six random fields on the specimen. 


Paper 6, Session 2 


Transformation Characteristics 
of Ten Selected Nickel Steels 


By J. P. Sheehan 
C. A. Julien and A, R. Troiano 


Isothermal transformation dia- 
grams are presented for ten nickel 
steels containing from 5 to 10% Ni 
and 0.25 to 1.2% C. Dilatometric 
and metallographic methods were 
used in studying these steels. [Some 
of the transformation diagrams are 
entirely different from anything 
that has been published before.] 

In the 5% Ni steels, bainite 
transformation is shown througbh- 
out the entire range between the 

(Continued on p. 370) 








You saw the sensational “Continuous-Flo”» ROTOBLAST 
Barrel at the Philadelphia AFA Show ... Here's what 
it is now doing at Columbia: 


Cleans MORE! Cleans continuously 312 tons of 
assorted work in 22% hours .. . averages 13.8 tons 
per hour. One “Continvous-Flo” Barrel cleans all the 
work of 72 molding machines, 3 pouring platforms. 


Cleans FASTER! Castings are cleaned within 20 


minutes after pouring—allowing quick inspection, 
thereby catching defects early and assuring better 
foundry control which results in more good castings. 


Cleans CHEAPER! ROTOBLAST cleans Colum- 


bia’s work for only 36c per ton. This is total cleaning 
cost—tabor, power, maintenance and abrasive. 


The RIGHT Equipment 
for EVERY Job 


Castings at Columbia are untouched by 
human hands from the moment they are 
poured until they are ready for sorting 
and inspection. The Pangborn ‘“‘Con- 
tinuous-Flo"" ROTOBLAST Barre! fits 
as an integral part of this modern, high- 
speed production line operation. After 
shakeout and cooling, Columbia's cast- 
ings move on through the ““Continuous- 
Flo” Barrel for ROTOBLAST cleaning, 
and out on the conveyor for inspection 
and sorting, 20 minutes after pouring! 


MORE THAN 25,000 PANGBORN MACHINES SERVING INDUSTRY 
*—Looking into the Barrel from the feed end 


shows castings as they tumble-flo through the abra- 
sive stream, 





“—Here's the whole instaliation—the new 
Pangborn “Continuous-Fio” ROTOBLAST Barre! for 
c new low in cleaning costs. 


Pangborn 
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METALLURGICAL 
MICROSCOPES 


—A HIGHLY EFFICIENT 
VERTICAL ILLUMINATOR 


AN ILLUMINATOR that is simple to operate, that is sturdy enough to 
take hard usage . . . that provides increased brilliance and contrast — 
minus glare . . . that is always cool enough to handle. 

Pioneered by American Optical Company, the Spencer Vertical Illumi- 
nator has a first surface mirror, and coated plano-glass reflector, con- 
veniently interchangeable. Additional features are field and aperture 
diaphragms, built-in light intensity control, and interchangeable filters. 


SPENCER METALLURGICAL Microscopes offer many other outstand- 
ing advantages: 


QUICK-CHANGE NOSEPIECE facilitates interchange 
of objectives 


COATED OPTICS eliminate reflections and provide 
added contrast 


WIDE RANGE STAGE adjusts to unusually large or 
small specimens 


LARGE RESEARCH-TYPE STAND has interchangeable 
body tubes 


@ FINE ADJUSTMENT is precise, enduring micrometer 
screw type 


@ POLARIZING FILTER AND CAP ANALYZER (acces- 
sories, enable the use of polerized light 


@ GROOVED BEARING SURFACES assure long wear 


@ ELEVEN STANDARD COMBINATIONS offer choice of 
stages, optics, illuminators, and body tubes 


For further information write Dept. J119. 


American @ Optical 


COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


SPENCER “- 
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Ae, and M, temperatures. The 
sequence of reactions above the 
temperature of maximum rate js: 
Pro-eutectoid ferrite (or carbide), 
bainite, pearlite. [The distinction 
between ferrite and bainite at these 
high temperatures is not made clear. 
As used in this paper, the term 
“bainite” does not refer to a con- 
stituent having a distinctive shape 
or appearance under the micro- 
scope. The term includes a wide 
range of structures from blocky 
ferrite to dark-etching acicular 
aggregates. | 

No pearlite reaction was ob- 
served in any of the steels con- 
taining 7.5 and 10% Ni, although 
the specimens were held at tem- 
perature for as long as four months. 

In several of the steels, separate 
precipitations of carbide and fer- 
rite transform the austenite con- 
pletely, with no pearlite or bainite 
formation. 

As in other alloy steels, the 
bainite reaction does not go to 
completion in the upper interme- 
diate temperature range. 


Paper 7, Session 2 


The Metallography and Heat 
Treatment of 8-10% Ni Stee! 


By G. R. Brophy 
and A. J. Miller 


Data are included for various 
steels containing 0.1% C and from 
3 to 15% Ni, and for various heat 
treatments investigated during the 
development of the composition 
and heat treatment that would 
give optimum properties at low 
temperature. 

A nickel steel developed for use 
at temperatures as low as —320°F. 
has the following composition: 
0.12% max. C, 0.35 to 1.00% Ma, 
0.15 to 0.30% Si, 8 to 10% Ni. This 
steel develops the optimum com- 
bination of strength and notched- 
bar impact resistance at —320°F. 
after it has been heat treated in 
four steps as follows: 

1. Heated to 1650°F., cooled 
in air 

2. Heated to 1450°F., cooled 

in air 

3. Heated to between 1050 and 

1075° F. 
4. Heated to between 800 and 
900° F. 

The first two treatments (double 

normalizing) produce a uniform 
(Continued on p. 372) 





0 ie 
| Hew veccrstass ( 





these 
clear. 
= | MULTI-HOLDER POLISHES 12 SPECIM 
con- M = 
shape 
licro- 
wide 
: > = t 
cular 
Ce 
ob- 
con- 
ough : 
tem- am > The new “Precision 12"" Multi-Holder cuts preparation 
nths. “ time from 25 to 50% per sample and offers real savings 
arate over single specimen hand polishing. 
ad : d Every metallurgical laboratory whose daily routine 
inite includes a volume of metallographic sample prepara- 
. tion, can eliminate the bottleneck of hand polishing. . 
the lower preparation costs . . improve the quality of the 


> to B finished specimen. The “Precision 12" Multi-Holder in 
rme- . conjunction with a “Precision”-Jarrett Automatic Pol- 
isher offers production possibilities and quality beyond 
comparison with that of any other existing equipment. 


on 9 Check these exclusive “Precision” Features They 
will improve quality and lower costs in your labora- 
Heat > tory, too! 


Stee! = 1 
2. Is 25 to 50% faster per specimen than the exclusive ‘Preci- 
sion 6” Multi-Holder 


3. Can be loaded fast. Tightening one nut holds all 12 speci- 


- Polishes 12 specimens at one time 








ious mens on a single plane 
rom cs aay 4. Polishes 12 specimens with the same amount of material 
heat x _— used to polish a single specimen 
the 5. Maintains specimen edges. A very important feature on 
tion 4 : samples that are to be examined for decarburization 
ould 6. Maintains parallel sides on mounted specimens, a very 
low : ; necessary requirement for micro-hardness tests. 
7. Superior inclusion and graphite retention with a minimum 
use of time and effort. 
PF. 8. Gives a 12 point contact with polishing lap— eliminates 
on. any possibility of tipping. Assures a flat surface polished to 
Mn, Close-up view of “Precision 12” Multi- mirror-like finish for better metallographic interpretation 
his Holder in operating position. Standard- 9. Operates with a minimum of attention. Operator can work 
om- a apn ces — and laps on next run of samples while machine is in operation 
, ect 

red Above illustration shows - + ance reniiediiie — 10. Produces better polished surface than hand polishing 
PF. efficiency shelves” for Roeul oducibl 

in storage of laps and solu- 11. Results are reproducible 


ti Sa 
Sungai Purchase From Your Get the facts .... Write for Bulletin No. T-10652 


Laboratory Supply Dealer 


: Precision Scientific Company 


ble 
rm 


September, 1948; Page 371 





For GAS TIGHT WELDS 
at HIGH SPEEDS... 


EF USES GENEX 


ELDS in the heating and cooling chambers of special atmosphere electric 
furnaces must be gas tight to prevent infiltration of air and escape of the 
protective gases used in heat treating, bright annealing, brazing and other processes. 
The Electric Furnace Company, Salem, Ohio, uses Murex Genex for welding 
their large gas-tight furnace chambers, some of which are over 150 feet in length. 
This outstanding E-6012 electrode not only assures sound, tight welds, but also 
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dispersion of carbides in a fine. 
grained ferrite-martensite matrix, 
which also contains about 10% 
retained austenite. Reheating the 
double-normalized steel to 1050°F. 
(which is above Ae,) dissolves car. 
bides in austenite, which increases 
in amount to about 15 or 20%. 
Solution of carbide produces 4 
high-carbon high-nickel austenite 
that will not transform even if it 
is cooled to —320°F., and this 
structure is tougher at —320°F. 
than the normalized structure con- 
taining carbides. The final heating 
to between 800 and 1000° F. relieves 
stresses but does not transform any 
detectable fraction of the “stabi- 
lized” austenite. 

The nickel content of the steel 
must be at least 8% in order to 
obtain the required toughness at 
—320° F. after the austenite-stabiliz- 
ing heat treatment. Increasing the 
nickel content beyond 10% gives 
no advantage commensurate with 
the added cost. The lower the car- 
bon content of the steel, the better 
the impact resistance. [Apparently 
0.10% C is the lowest practicable 
carbon content. If the alloy could 
be made essentially carbon-free 
there would be no need for the 
special carbon-solution treatment 
at 1050° F.) 


Paper 8, Session 2 


Predicting the Effect of 
Complex Tempering Cycles 


By J. L. Waisman 
and W. T. Snyder 


A method is described for 
predicting the effect of multiple 
tempering or of a complex time- 
temperature cycle on the hardness 
of quenched steels. The technique 
involves the division of any com- 
plicated tempering cycle into 4 
series of small isothermal steps and 
the integration of the softening 
effects of all such steps. 

Experimental isothermal temper- 
ing data are presented for two 
medium-carbon alloy steels (S.A.E. 
4140 and a boron-treated manganese- 
molybdenum steel). These data are 
used to illustrate predictions of the 
effects on hardness of variations 
in heating and cooling rate, and of 
fluctuations in the tempering tem 
perature. Differences between pre 
dicted and observed hardnesses are 
not greater than 1 point in the 
examples chosen. (Cont. on p. “74) 
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Tumbling barrels completely 
fabricated by Ampco Metal, 
Inc. of Ampco-8 sheet, weld- 
ed with Ampco-Trode cor- 
rosion -resistant arc welding 
electrodes. Studs are welded 
to base of barrels for mount- 
ing on tumbling turntable. 
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‘ 


Using Ampco rolled sheet cuts 
maintenance and replacements 


Tumbling barrels are used to clean 
rivets, screws, nuts, and a variety 
of similar small parts. Formerly, 
they wore out quickly—because of 
the cleaning solution’s corrosive 
action, and the abrasive effect of 
swirling metal parts. Replacement 
costs were high, until the manu- 
facturers switched to tumbling 
barrels fabricated with Ampco-8 
sheet. This durable, corrosion-re- 
sistant alloy solved their expensive 
replacement problem in jig-time. 


That is just one more case of the 


money-saving value of Ampco 
Metal’s unique physical properties. 
Hundreds of companies use dur- 
able Ampco Metal and Ampcoloys 
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equipment as insurance against 
heavy maintenance and replace- 
ment costs on parts subject to wear. 


Call in your nearby Ampco engi- 
neer for cost-cutting suggestions. 
Write for complete information on 
Ampco ss extrusions, forg- 
ings, sheet, and fabricating service. 


Ampco Metal, Inc. 


Department MP-9 ° 


Milwaukee 4, Wisconsin 


Field offices in principal cities 
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safety tools 


Fabricated 
assemblies 


Corrosion- 
resistant pum 


Specialists in engineer - 
ing, ction, finish- 
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perts and products. 


Metal Progress; Page 374 





© Convention Papers 


(Continued from p. 372) 

The data are compared also with 
the predictions obtained from a 
general relationship proposed by 
Hollomon and Jaffe in a recently 
published paper. Most of these pre. 
dictions are within 1 point of the 
experimental data; some predictions 
differ from the observed values by 
2 points, with an occasional devia- 
tion of 3 to 5 points. The larger 
deviations are for hardnesses close 
to that of as-quenched steel or for 
structures softer than Rockwell C-20, 


Paper 9, Session 3 


Distribution of Inclusions in 
Some Killed Alloy Steel Ingots 


By K. L. Fetters, 
M. M., Helzel and J. W. Spretnak 


This is the sixth in a series of 
papers concerning the influence of 
various factors in ingot freezing 
and structural characteristics of 
killed alloy steel ingots on the 
resulting quality of heavy-wall 
seamless tubes made from the ingots. 
Previous papers have dealt with the 
kinetics of solidification, primary 
ingot structure, oxygen, nitrogen, 
and macrosegregation. The present 
paper concerns inclusions. 

The nonmetallic inclusions in 
nine fully killed alloy steel ingots 
for gun tubes (mostly basic open- 
hearth S.A.E. 4340) were studied by 
metallographic methods and by the 
petrographic examination of inclu- 
sions obtained by acid extraction. 

Metallographic examination re- 
vealed the following types of inclu- 
sions: globular silicates, complex 
silicates, globular oxides, and eutec- 
tic, angular, duplexed and globular 
sulphides. Petrographic studies of 
the extracted residues revealed the 
following: alumina clusters and 
grains, oxide and clear glass, fer- 
rous aluminate, mullite, oxide crys- 
tal phase, quartz, and aggregates of 
quartz and alumina. 

The average inclusion content 
of the nine ingots varied from 
0.0055 to 0.0285%. There was no 
consistent trend in the distribution 
of inclusions in the ingots. How- 
ever, the inclusion content was 
usually higher in the edge positions, 
particularly toward the top of the 
ingot. The inclusions in the botiom 
portion of the ingot were pre- 
dominantly of the alumina type, 
and toward the top portion were 
predominantly of the silicate «nd 
oxide glass type. In some iny ts, 
the size of the (Cont. on p. °78) 
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(From p. 374) sulphides increased 
toward the top of the ingot, and 
the size of oxides and silicates 
increased toward the bottom of the 
ingot. 

Slight or zero correlation was 
evident between the size, type, dis- 
tribution, or amount of nonmetallic 
inclusions in the ingots and the 
occurrence of defects in the bore 
of heavy-wall seamless gun tubes 
produced from similar ingots. 


Paper 10, Session 3 


Factors Affecting Subsurface 
Defects in Forging-Steel Ingots 


By E. A. Loria 
and H. D. Shephard 


Several large forging ingots of 
S.A.E. 1040 acid openhearth steel 
were examined by means of trans- 
verse macro-etch tests, sulphur 
prints, magnetic particle inspection, 
and microscopy in an effort to 
determine the factors affecting the 
formation of subsurface cracks, 
subsurface porosity and other 
defects caused by the presence of 
nonmetallic inclusions, Flaking was 
not studied, 

Subsurface cracks in forging 
ingots are initiated by segregated 
nonmetallic inclusions. During 
forging, the steel cracks because of 
decreased crystal-to-crystal cohe- 
sion when inclusions form con- 
tinuous layers of liquid at forging 
temperatures. Inclusions that are 
solid at forging temperatures and 
have the shape of small prisms at 
the grain boundaries decrease the 
fracture stress by acting as areas 
for stress concentration during hot 
working. 

Data are presented concerning 
the position and occurrence of sub- 
surface porosity, and some theories 
regarding the cause are discussed. 


Either inclusions or porosity may 
exist in the ingot subsurface, 
* depending on the manner and 


extent of deoxidation. 


4 CO. y On the machined surface of 
LOVE (yy: N C . aasetaeee Service round forgings, small seams exposed 
° by magnetic particle inspection of 


CAMBRIDCE . See Ane s oo" 1 
134 Sidney St., Cambridge 39, Mass. SYISAGO : BINASIDS- the periphery, after machining 1% 


CINCINNATI in. below the surface of the original 


In Canada ingot, arise from stringer-type 

SANDERSON-NEWBOULD, LTD., MONTREAL. inclusions. General trends of inclu- 

so ataaetias tain mnrtle tics: oC sion distribution in the microscopic 

examination of the top, middle, and 

and nisi bottom transverse sections of s«v- 
eral 36-in. forging ingots are p'e- 
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If you’re “put out” about variations in the alloy steels you use for pro- 
ducts and components, it’s time to switch to WL steels. The consistent 
physicals of WL alloy steels guarantee you uniformity of results. Con- 
stant testing with the most modern metallurgical laboratory equipment 
is the answer. You can go by the book* when ordering WIL alloy steels, 
with the assurance that machinability and heat-treating properties will 
be exactly as stated—this time, next time, every time! 

A plus feature of WL alloy steels is the fact that warehouse stocks are 
located near you. And if you have branch plants or contractors in other 
localities, you are assured of prompt deliveries to them as well —prompt 
deliveries of stock that will be exactly to your specifications. 

WL steels repeat themselves —you too can rely on their uniformity just 
as others have for over 100 years. 

*Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book. It contains com- 


plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 





“SLNIWIYINOIY JONVNGINIVW GNY WOOY 1001 ‘NOILINGOYd YO SONIDYOS ONY $131119 


” 
=z 
Oo 
o 
< 
-— 
Oo 
oO 
” 
= 
Oo 
o 
<x 
~< 
uJ 
x= 
~” 
— 
Tt 
a 
—— 
” 
ua 
[og 
an 
— 
S&S 
” 
~” 
a 
= 
—_ 
Oo 
co 
tu 
© 
ae 
ce 
ww 
” 
” 
— 
Oo 
—_ 
= 
— 
= 
Oo 
oO 
a 
o 
“ 
ce 
< 
du 
> 
a 
uJ 
Cc 
a 
= 
—_ 
= 
WJ 
= 
Oo 
fo <4 
lw 
> 
oO 








Metal Progress; Page 378 









was 
dis- 
lic 
the 
ore 
bes 


n3 


ace 
jots 


of 
ee] 
ns- 
ur 
yn, 
to 








“With Gulf Stainless Cutting Oil B 


we increased produc tion and tool lite 






if 










“Gulf Stainless Cutting Oil B helped us solve a 
tough problem in machining jet aircraft bolts of 
Inconel X,” says this Foreman. “Before we used 
this quality cutting oil, we could produce only 15 
to 18 pieces before regrinding the tools.” 

“Now with Gulf Stainless Cutting Oil B, we 
often run as many as 150 pieces without touching 
the tools. Use of this cutting oil means the differ- 
ence between making money on the job and a 
heavy loss.” 

A typical report from the scores of plants which 
have improved production and tool life through 
the use of Gulf Stainless Cutting Oil B. In addi- 
tion to its outstanding performance as a cutting 
oil, Gulf Stainless Cutting Oil B also provides 
excellent lubrication for the working parts of 
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The Foreman of this machine shop con- 
sults with a Gulf Lubrication Engineer 
(left) on results obtained with Gulf Stain- 
less Cutting Oil B in machining Inconel 
bolts for jet planes. 


machine tools. Thus it serves as an ideal dual- 
purpose oil in machines using one oil as both 
lubricant and cutting oil. This quality oil is non- 
corrosive to finished metal surfaces. 

Ask a Gulf Lubrication Engineer to demon- 
strate the advantages of Gulf Stainless Cutting 
Oil B and other quality cutting oils in the com- 
plete Gulf line in your shop. Write, wire, or 
phone your nearest Gulf office today. 





Gulf Oil Corporation - Gulf Refining Company 
Division Seles Offices: 


Boston + New York + Philadelphia «+ Pittsburgh + Atlante 
New Orleans - Houston + Lewisville + Telede 

























HYDROGEN and 


Barrett Standard Anhydrous Ammonia, 

99.95% NHs, oxygen free, with a very low dew 
point, is an economical source of pure hydrogen 
and nitrogen. When dissociated, each pound 
produces approximately 34 cubic feet of hydrogen 
and 11 cubic feet of nitrogen. 


Engineers have discovered many advantages 

from the use of dissociated anhydrous ammonia 

in the production of controlled atmospheres in 
furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic 
oxides, atomic hydrogen welding, radio tube sealing 
and other metal-treating practices. Anhydrous 
ammonia also has unsurpassed qualities in nitriding 
of steel, used as ammonia gas or dissociated. 
Metallurgists are effecting real economies by using 
Barrett Standard Anhydrous Ammonia as a 
replacement for other more expensive sources of 
hydrogen and nitrogen. For information, contact 
Barrett, America’s leading distributor of ammonia. 


~ oo 


STANDARD 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 
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sented. Sulphur prints reveal the 
segregation of inclusion stringers 
within the outer (chill) zone of 
forging ingots. These stringers are 
interspersed among an otherwise 
even distribution of minute sy). 
phides. Where such stringer incly. 
sions occur within a zone of 
relatively minute inclusions, inter. 
nal tears are most likely to occur 
during the processing of the ingot. 
The difference in conformation of 
sulphides in the ingot subsurface 
is believed responsible for this type 
of defect because the sulphide 
stringers cannot be dispersed or 
diffused, and thus act as points for 
stress concentration in hot working. 


Paper 11, Session 3 


Density Variations in 
Some Killed Steel Ingots 


By C. F. Sawyer 
and J. W. Spretnak 


The density was determined for 
steel samples from 33 different 
locations in each of five fully killed 
alloy steel ingots for gun _ tubes 
(mostly basic openhearth S.A.E. 
4340). The average density varied 
from 7.711 to 7.838 at the different 
locations. The variations in density 
indicated differences in the extent 
of microshrinkage during solidifi- 
cation of the ingots. The samples 
of lowest average density were from 
the region of the secondary pipe in 
the central portion of the top two 
thirds of the ingots. The top two 
thirds of the ingots, where the 
density of the center has the low- 
est average, gave the highest yield 
of pierced seamless gun tubes free 
from bore defects or quench cracks. 


Paper 12, Session 3 


Inclusions in Tensile 
Fractures of Forging Steels 


By H. D. Shephard 


and E. A. Loria 


Procedures are described for 
studying flaws in steel by observing 
the surfaces of fractured tensile 
specimens under polarized light 
and by metallographic examination 
of the tensile test specimen at oF 
near the fracture. Under consid- 
eration were specimens from two 
acid openhearth forging grades of 

(Continued on p. 382) 
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Fos, they’re just coming in too fast—and we 
do mean orders! In anything like normal times, 


we'd be awfully happy to have you pitch your 
order down our alley. Our past averages speak 
for themselves. 


But now—well, honestly fellows—there are 
too many pitchers on that mound. We're in there 
swinging as hard as we can but we can only man- 
age to get hold of a few. And there just aren't 
any pinch-hitters on the bench to help us out. 


From your seat, our batting average no doubt 
looks weak at the present time. But we're doing 
the best we can and we're hitting ‘em safe when 
we can get hold of ‘em. 


We're asking you to stick around for later 
innings when things settle down. That’s when 
Wisconsin will really come through with those 
pay-off blows. Remember, the season isn’t over 
yet. We hope we have a pennant winner for you. 


WISCONSIN STEEL COMPANY 


( Affiliate of International Harvester Company ) 
180 North Michigan Avenve Chicago 1, Illinois 


WISCONSIN STEEL 
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carbon and carbon-vanadium steel, 
There were three types of fracture: 


2,000,000 
Electric Motors (a) those from steel dirtier than 


normal and having somewhat angu- 


1,850,000 produced monthly lar, fibrous fractures; (b) those 


from more ductile steel that broke 


1,700,000 in the U.S.A. with a silky, cup-cone fracture; 


and (c) flat, crystalline-appearing 


-.- more and more fractures in heavily forged steel, 
1,550,000 Most of the fractures illustrated 


manufacturers are are not typical of the normal tensile 
fractures in these steels, but were 
1,400,000 installing selected to show the distribution of 

inclusions in steel that fractured 


with intermediate or low ductility, 
1,250,000 


1,100,000 ELECTRIC FURNACES Paper 13, Session 4 
to improve production. The Fractographic 


Examination of Tungsten 


By C. A. Zapfe 
800,000 and F. K. Landgraf 


950,000 


The technique of fractography 
650,000 is applied to the cleavage facets of 
cast carboniferous tungsten (0.4% 
C added), cast aluminiferous tung- 
sten (1% Al added), and pure tung- 
sten (99.9+ %) made by the methods 
of powder metallurgy. 

With carbon present, the cast 
material shows a distinctive frac- 
ture, principally transgranular, with 
evidence of carbides. Carbon-free 
tungsten containing aluminum 
shows prominent intergranular 
cleavage with characteristic struc- 
tures. Transgranular fractures 
reveal patterns typical of the metal, 


Part of the modern die casting plant of the Westuiguouse with marked evidence of distortion 
Electric Corporation in Springfield, Massachuseus, wuere : ; 
thousande of rotors are cast every day for refrigerator units. and lineage growth. 


Tungsten rod manufactured by 
the hot extrusion of reduced tung- 
: sten powder clearly discloses on 

A great improvement has been I thy 


The new Westinghouse achieved by casting the rotors its _ Cleavage facets the extent of 
Egriwerater Model from high purity aluminum. fusion and homogeneity. Therefore, 
: Sen _— fractography can be used to con- 
recognized the advantage o - 
; . « , . ) »SS ) igsten, 
using Ajax-Tama-Wyatt induc- trol the processing of tung 
Included in the mil- tion furnaces for melting the much as it is now applied to the 
lions of motors : : : eatinea « ¢ ; -bhde 
Manufactured ma Cast two at a time, theve alu- aluminum prior to casting, be- casting and forging of molybdenum. 
hanula minum motor rotors are better cause of the accurate tempera- 
tionally , per month, because of accurate tempera- ture control and freedom from 


are the hundreds of ture control and freedom from . : . : 
contamination made possibleby COtamination with iron or 


s of . oe 
mms ln Ajax Induction Furnaces. silicon. Paper 14, Session 4 
motors that fill the ranks of faithful, Write today for information about this . ? 
alert and silent servants for the Ameri- modern method of increasing precision Effect of Orientation on 


can home. Such large output requires production. Knoop Herdness of Single 


Crystals of Zn and Si-Ferrite 
AJAX ENGINEERING CORPORATION 


F. W. Daniel 
TRENTON 7, NEW JERSEY ped Ny Ny omg 


An investigation is described of 
the effect of crystal orientation on 


the Knoop hardness of single crys 
Mecca Compass AUan ELECTROTHEMMNG COmP <— Spemrmee Hy tals of silicon ferrite (3.5% Si) and 


Forneces, 
RE negate Settaad ry ras tua mg pure (99.99%) zine. (To p. 354) 


500,000 





ingenious production methods. 
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PRODUCES HIGHER QUALITY 


COLD FINISHED STEEL BARS 


The last word in equipment; operators with 30 years 








experience; a time saving “production line,” proper pickling, 







correct dies, accurate straightening and clean cut ends... 







all team-up with Laboratory Control and Bar-for-Bar 







Inspection to give you absolute “tops” in cold bar quality, 






uniformity and finish 





A COMPLETE range of SIZES, SHAPES and 
ANALYSES of COLD FINISHED STEEL BARS are 
offered by the makers of the famous “SPEED 
TWINS”... SPEED CASE X1515 


SPEED TREAT X1545 


REG. U.S. PATENT OFFICE 



















Tear of here ATTACH TO YOUR LETTERHEAD AND MAIL TO EITHER COMPANY BELOW 


ole 
/ € 


FITZSIMONS STEEL COMPANY 






. 
| ‘¥ 


ACTUAL PHOTOGRAPH 
MANUFACTURERS ill 
OF A COMPLETE LINE OF COLD FINISHED CARBON AND ALLOY STEEL BARS ine osama 


ben) 1 inch cold drawn 


MONARCH STEEL COMPANY eng 


AMOND 
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The W/L. 
XACTLINE 


STRAIGHT LINE 
TEMPERATURE CONTROL 


For Use With 
Cont: 


Anticipates 
Temperature Change 
Eliminates Overshoot 

and Undershoot 


Now with XACT- 

LINE Straight Line 

Temperature Con- 

trol you can in- 

crease the effi- 

ciency of your Pyrometer 

Control Instruments (either 

Millivoltmeter or Potentiometer Type) to an 
omazing degree. Now you can hold toler- 
ances as close as 1/5°F. plus or minus and 
power “on-off” cycles as low as 3 seconds. 

For XACTLINE, operating in the thermo- 
couple circuit, ANTICIPATES the most minute 
heat variations on both heating and cooling 
cycles, thereby enabling your pyrometer con- 
troller to control far more closely than other- 
wise possible, 

This Anticipation Factor means that XACT- 
LINE causes the conventional pyrometer con- 
troller to respond to a millivoltage impulse 
up to 90% less than that normally required, 
(the controlling pyrometer functions only when 
the desired temperature range has already 
been exceeded). 

XACTLINE is laboratory tested and adjusted 

. does not require read- 
justment or coordination with 
other controllers. 

NO geors, cams, shafts, 
bearings or other rotating or 
sliding parts. Simple design 
eliminates usual mainte- 


PRECISE CONTROL FOR .. .Tempering-Draw- 

ing ... lse-Thermeal Quenching... Al and Mg 

Treatment ...Accurate Heat Treating... Sinter- 

lng ... Metellic Baths ... Plastic Melding . .. 

and other operations ... Price 

complete F. O. B. Factory... $795° 
Write fer the new XACTLINE dete folder todey! 


ee GORDON 
Be SERVICE 


CLAUD S&S. GORDON CO. 
Specialists for 33 Years in the Heat Treating 
and Temperature Contro! Field 
15 + 3000 South Wallece St, Chicago 16, Ill. 
15 + 7016 Euclid Avenue, Cleveland 3, Ohio 
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A single crystal of silicon fer- 
rite with the (001), (110) and 
(111) planes exposed was tested 
with a Tukon hardness tester, using 
a Knoop indenter and a 500-g. load. 
The cyclic form of the variation 
in hardness with the direction of 
the long diagonal of the indenter 
with reference to a crystallographic 
direction depends on the plane. 
On the (001) plane of silicon fer- 
rite, hardness values repeat every 
90°; on the (110) plane, every 180°; 
and on the (111) plane, every 60°. 
The variations in Knoop hardness 
are: On the (001) plane, from 180 
to 230; on the (110) plane, from 
195 to 240; on the (111) plane, 
from 195 to 215. The average hard- 
ness is the same on each plane: 
about 207. 

The (0001) and (1450) planes 
of zinc were tested also. On the 
(0001) plane of zinc, hardness 
values repeat every 60°; on the 
(1430) plane, every 180°. The 
variations in Knoop hardness are: 
On the (0001) plane, from 15 to 
18; on the (1450) plane, from 24 
to 44. The average is 16.7 for the 
(0001) plane and 32.9 for the 
(1450) plane. 

An attempt is made to explain 
hardness variations on the basis of 
shear stress resolved on the slip 
planes of the crystal. Theory and 
experiment agree fairly well for 
all planes except the (0001) plane 
of zinc. 


Paper 15, Session 4 


Effect of Alloying Elements 
on Recrystallization, Electrical 
Conductivity and Rupture of Al 


By R. H. Harrington 


The recrystallization, electrical 
conductivity, and rupture strength 
at 125°C. are reported for eleven 
dilute binary aluminum alloys with 
the following compositions: 0.3% 
Ag, 0.3% Be, 0.2% Cr, 0.3% Cu, 
1.0% Fe, 0.2% Mg, 0.1% Mn, 0.5% 
Ni, 0.8% Si, 0.05% Ti, and 0.35% 
Zr. Qualitative information is 
included concerning impact ductil- 
ity, cold workability, and stiffness. 
The binary alloys containing iron, 
magnesium, or zirconium have the 
best combinations of strength and 
electrical conductivity. 

For 4-hr. anneals, the temperature 
for nearly complete recrystallization 
is about 350° C. (660° F.) for all the 
alloys except three: 0.3% Be, which 

(Continued on p. 386) 
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40% Saving in‘ 
Machine Time 


with 
SPEED CASE s PLATE 


Produced by Luzerne Rubber 
Company of Trenton, New Jer- 
sey, both male and female sec- 
tions of this 28”x30” hard rub- 
ber, refrigerator door mold 
were machined from 5” thick 
Speed Case Plate. The super- 
ior machining qualities of 
Speed Case enabled the manu- 
facturer to effect a saving of 
40% over commercial quality 
hot rolled plate. In this appli- 
cation although a large 
amount of metal was removed, 
distortion was negligible. 


W. J. HOLLIDAY & CO.., INC. 


Speed Case - Speed Treat Plate Division 
HAMMOND INDIANA 
Plants at Hammond and Indianapolis 
SPEED CASE — SPEED TREAT 
WAREHOUSE DISTRIBUTORS 


AKRON 1, Ohio 
The Burger Iron Company 
BOSTON 10, Massachusetts 
Brown-Wales Company 
BUFFALO 5, New York 
Beals, McCarthy and Rogers, Inc. 
DETROIT 7, Michigan 
Peninsular Steel Co. 
HOUSTON 1, Texas 
Earle M. Jorgensen Co. 
LOS ANGELES 54, California 
Earle M. Jorgensen Co. 
MEMPHIS 2, Tennessee 
Pidgeon-Thomas Iron Company 
NEWARK 5, New Jersey 
Grammer, Dempsey & Hudson. Inc. 
OAKLAND 7, California 
Earle M. Jorgensen Co. 
PHILADELPHIA 34, Pennsylvania 
Horace T. Potts Co. 
CANADA: 
Toronto 2, Ontario, Peckover’s, Ltd. 


SPEED CASE 


\ } A 


STEEL PLATES 





NEW YORK, 


HOW TO ELIMINATE 


“EARS” 


WITHOUT TRIMMING 


Cup or draw commercially-produced Nickel Silver 
or other alloys, and the metals may “ear’’ sym- 
metrically—as shown in Sample Group A. What’s 
worse, “‘earing’’ continues on subsequent draws, 
results in fracture if the top of the piece must be 
flanged or spun. 


There are 2 alternatives. One is top-trimming— 
if there is sufficient metal in the blank. (If there 
isn’t, every piece must be rejected after the first 
draw.) The other alternative is Riverside’s special 
processing of original material—which eliminates 
“earing”’, need of trimming and risk of fracture. 
The untrimmed pieces, in Sample Group B were 
drawn without ears, from specially processed River- 
side Nickel Silver. 


For all customers who blank, cup, draw or spin 
alloys, Riverside’s special processing—to eliminate 
“‘directional’’ properties—is good insurance against 
rejection, expense and costly delays. If your pro- 
duction is hampered by “earing” or any other 


‘ 
oy Ua | 


alloy trouble, send us the case history of your 
problem. Our metallurgists will be glad to cooperate 
with your technicians in finding the answer—and 
our half-century of specialization in Riverside 
Phosphor Bronze, Nickel Silver, Beryllium Copper 
and Cupro-nickel alloys is your warrant that the 
answer will be right! 

Send today for our catalog (specifying the alloy 
that interests you). Or, better still, write us as 
fully as you wish regarding your alloy problem 


INSIDE RIVERSIDE 


Through continual repetition, the word 
“*service”’ has become almost meaningless. Here 
at Riverside, we give it this definition: ‘‘To do 
for every customer all that we would require if 
we were in his position —then do a little more’. 











RIVERSIDE MAKES A FULL RANGE OF STANDARD (AND SOME SPECIAL) NICKEL SILVER AND PHOSPHOR BRONZE ALLOYS 


THE RIVERSIDE METAL COMPANY 


RIVERSIDE, NEW JERSEY 


CHICAGO, 


HARTFORD, CLEVELAND 


PHOSPHOR BRONZE 
WICKEL SILVER 


BERYLLIUM COPPER 


» 
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HARDNESS TESTER 


Beller Engineered 
for Better 
“Rockwell” Testing 


Medel C-8A 
$450.00 F.0.B. Detroit 
Complete with diamond penetrator 


For your “Rockwell” test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
and see for yourself how 
much more it has to offer. 
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is reported as “550°C.(?)”"; 1.0% 
Fe, 450° C.; and 0.35% Zr, reported 
as “600° C.(?)”. The “recrystalliza- 
tion temperatures” reported for the 
beryllium and zirconium alloys are 
unusually high because these alloys 
age harden at the annealing tem- 
peratures. 

For alloys in both the cold 
worked and the annealed condi- 
tions, the stated additions of silver, 
beryllium, copper, iron, magnesium, 
nickel, and titanium do not cause 
the electrical conductivity to de- 
crease to less than 60% that of 
copper. The 0.35% Zr alloy has a 
conductivity of 60.5% in the 
annealed condition, and 53.3% 
when cold worked. The conduc- 
tivity of pure (99.95%) aluminum 
is 64%. 

The 0.35% Zr and 1.0% Fe 
alloys have the best rupture 
strengths in the annealed condition. 
In the cold worked condition, the 
0.2% Mg alloy is better than the 
0.35% Zr alloy, and the 1.0% Fe, 
0.2% Cr and 0.3% Be alloys follow 
in that order. 

[Three times the author refers 
to the 0.2% Mg alloy as a “sleeper”. 
Let the reader be warned that the 
“sleeper” alloy is not one that 
becomes utterly exhausted during a 
fatigue test. ] 


Paper 16, Session 4 


Forming and Heat Treatment 
of Corrugated Diaphragms 


By R. |. Jaffee, 
E. |. Beidler and R. H. Ramsey 


Four kinds of sheet, 0.0065 in. 
thick, were tested: beryllium cop- 
per (2% Be, 0.3% Co), 60-20-20 
Cu-Ni-Mn, Ni-Span C (50% Fe, 42% 
Ni, 5.5% Cr, 2.5% Ti), and Grade A 
phosphor bronze (4% Sn, trace P). 

In the forming of corrugated 
diaphragms approximately 2% in. 
in diameter and 0.143 in. high, 
there is local stretching equivalent 
to 5 to 10% reduction in thickness 
at the tops of corrugations, and 
somewhat smaller contraction at 
the bottoms of corrugations. Defor- 
mation of this magnitude causes 
an increase in the strengths of the 
age hardenable alloys after sub- 
sequent aging, but the time depend- 
ence of the aging curves was 
modified only slightly. Therefore, 
diaphragms of these alloys may be 
heat treated according to the age 

(Continued on p. 388) 
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FOR THE UTMOST IN 
RUST PREVENTION 




















TRANSMISSION TOWERS 


Sealed in Zinc 
for Longer Life 


Thousands of these struc- 
tures, throughout the world, 
are today resisting the 
ravages of rust and cor- 
rosion because specifi- 
cations demanded—''Hot- 
Dip Galvanize.”’ 


This most modern method 
of fusing molten zinc with 
base metal is available to 
you through any member 
of the American Hot Dip 
Galvanizers Association. 
Each member, with access 
to the accumulated ‘‘know- 
how” of the entire member- 
ship, is prepared to give 
you the advantages of this 
broad technical experience. 


You are assured of the high- 
est quality in workmanship 
and materials, the most mod- 
ern methods, and the utmost 
in value when your products 
are galvanized by any of the 
Association's members. For 
membership roster, write 
the Secretary, American Hot 
Dip Galvanizers Association, 
Inc., First National Bank 
Building, Pittsburgh, Penna. 








hot-dip 


GALVANIZING 








TLECTROMET TUNGDIEN 


Trade-Mark 






Avahalble FOR IMMEDIATE DELIVERY 







FOR THE ~CCcteoae ‘OF FINE STEELS 

























































fe 
1C- 
id, 
1e 
r- 
i- 
t- E.ectromet Ferrotungsten is made es- E.ecrromet Calcium Tungstate Nuggets 
d pecially for the manufacture of high-speed tool are a high-purity, nodulized form of calcium tung 
th : 
" steels, die steels, magnet steels, and other tungsten- 
or ] : ‘ 7 } ) 

bearing steels. This E.tecrromet alloy conforms to ural scheelite in direct reduction practice. The nug- 
p 
Me A.S.T.M. specification A-144-39. It is crushed uni- gets range from ¥ in. to 4% in. in diameter and are 
S 
4 formly toa % in. x down size suitable for all electric free from fines, which minimizes dust loss. Tung- 
race additions. It is shipped in barrels or steel sten recovery approaches 100%. The nuggets are 
5 

drums. furnished in easy-to-handle !00-lb. bags. 
If you use tungsten, call on us. Our staff of competent metallurgists are 






ready to furnish on-the-job technical assistance in the use of tungsten 
and the many other Execrrnomer ferro-alloys and alloying metals. 






ELECTRO METALLURGICAL SALES CORPORATION 


Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [Ja New York 17, N. Y. 


OFFICES: Birmingham * Chicago ¢ Cleveland * Detroit 
New York ¢ Pittsburgh ¢ San Francisco 









In Canada: Electro Metallurgical Company of Canada, Limited, 
Welland, Ontario. 
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AUTOMATIC STOCK PUSH-UP 
® HACK SAW MACHINES 


No. 6"x 
Ne. 9A: 10" x 10” 


Feed, Measure, Cut-Off AUTOMATICALLY 


These automatic stock push-up hack saw machines are not new. MARVEL built 
the first practical bar feed hack saw machines, over 30 years ago. The 
sound, proven, basic principle of these machines has never changed—but they 
have been constantly improved and refined. Today they are still the leaders— 
the most practical, fastest, most accurate, most productive cutting hack saw 
machines built. No matter what your cut-off work, let us recommend the MARVEL 
saw that will give you true economy, speed and accuracy at an attractive price. 


ARMSTRONG-BLUM MFG. CO. 


“The Hack Saw People’’ 
5700 Bloominadale Ave. Chicago 39, U.S.A. 





* “Pace” was a matter of honor and 
skin to this doughty warrior of the 

Khan. Yet, sloppy heat treating of a“ 
his armor could make him lose both . 
—and often did. ~\ 


INSURE YOUR PRODUCT PRESTIGE 
AND PROFIT WITH SCIENTIFIC STEEL TREATING AT LAKESIDE! 





It begins with the treating of your rough 
stock for manufacture, and follows through 
to the final metal testing of your finished 
parts. Your area’s most complete steel 
treating service—mechanized, perfected 
processes; automatically operated, precision 
controlled throughout. 


5418 LAKESIDE AVE., CLEVELAND 14, ONIO HENDERSON 9100 = 
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hardening curve of the original 
stock without danger of decreasing 
the mechanical properties of the 
most deformed sections by over. 
aging. 


Paper 17, Session 5 


Microstructure and Mechanical 
Properties of Cast Steel; 


By M. F. Hawkes 
and B. F. Brown 


Cast steels exhibit a variety and 
complexity of structures not ob- 
served in comparable wrought 
steels similarly treated. The authors 
studied the microstructures of 
many plain carbon, low-alloy and 
medium-alloy cast steels after var- 
ious annealing and normalizing 
treatments. The temperature at 
which austenite transforms to fer- 
rite on cooling is the fundamental 
variable controlling the micro- 
structure. As this temperature is 
lowered by virtue of increased 
cooling rate or hardenability, the 
structures observed are _ succes- 
sively: (a) dendritic blocky ferrite 
plus pearlite, (b) random blocky 
ferrite plus pearlite, (c) Widman- 
staitten ferrite plus pearlite, (d) 
Widmanstatten ferrite plus martens- 
ite, and (e) martensite. Mixtures 
of these structures are usually 
observed, because transformation 
on cooling extends over a range of 
temperatures. Another important 
factor that causes mixed structures 
is dendritic segregation of alloying 
elements. [By systematic presenta- 
tion of 40 micrographs, the authors 
succeed admirably in showing how 
time, temperature and rate of cool- 
ing influence the structure of 
annealed and normalized cast steel.| 

The mechanical properties of 
seven heats of cast steel were 
studied intensively. The properties 
of each heat were reported graph- 
ically by plotting each property as 
a function of the tensile strength. 
The accompanying diagram illus- 
trates the method of plotting and 
the general trend of the results. 

When many cast steels having 
about the same strength are com- 
pared, the wide variation observed 
in microstructure does not show 
good correlation with mechanical 
properties. Therefore, a selection 
among various heats of cast steel 
cannot be made on the basis of 
microstructure alone. Other factors 

(Continued on p. 390) 
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Tough Stuff! 


Midvale Beta Chisel and Midvale 








Duredge are as durable a pair of 






tool steels as you'll find in a day’s 






march. Beta Chisel, while not as 







hard as Duredge, is very tough. 
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shear blades, scarfing tools, rivet 
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of unusual hardness and toughness, 






and carries a keen cutting edge 






under the most severe shock condi- 
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ments for pneumatic chisels, beading 







and caulking tools, rivet sets, moil 


points, punches, ete. Take your 






choice and you get custom steel 






quality . . . Midvale quality. 
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IMMERSION 
HEATERS 


has been developed by Amersil* 
—primarily for heating and 
pickling solutions for stainless 
or alloy steels, which: 





Eliminates lead wire corrosion by bringing the leads through a 
fused silica sidearm. 


Provides unusual compactness. Offers a minimum of obstruction. 
Insures high heat efficiency. Can be installed quickly, easily. 


Write Amersil, Department “A” for more complete de- 
tails or ask for latest printed matter. ee 


\ MERSIL COMPANY Ine. 


CHESTNUT AVENUE HILLSIDE 5 N J 





IMMEDIATE DELIVERY 


52100 


STEEL TUBING and BARS 


PETERSON STEELS, INC. maintains the lergest stock of 
high carbon-chrome (52100 type) steel, seamless tubing 
and round bars in the country. More than 200 sizes of 
tubes from .875” O.D. to 8.231” O.D. Bar stock from 
.171” round to 7.5” round. 


Ring forgings also supplied quickly — any analysis, any size. 
WRITE FOR CURRENT STOCK LIST 


Contains full information on all available sizes, finishes, 
etc. Write today, on your business letterhead, for your copy. 


PETERSON STEELS.INC. 


Dept. B, 420 Lexington Ave. © NEW YORK 17, N.Y. 
Telephone: MUrray Hill 5-1560 


NEWARK, N. J. ¢ DETROIT, MICH. e CHICAGO, ILL. 
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(Continued from p. 388) 
such as porosity, inclusions, anq 
steelmaking practice are as impor. 
tant as microstructure. Thus, one 
steel may have a better combination 
of strength and ductility when heat 
treatment results in a blocky ferrite 
structure than does another heat of 
similar composition heat treated to 
give a WidmanstA&tten structure. 
Even an apparently pronounced 
dendritic structure alone is not a 
valid cause for rejection, because 
all the other important variables 
governing mechanical properties 


LL. gl b— bec ~—— C 
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Reduction of Area ~ 





Elongation 





Charpy Impact 





Yield Strength 








Tensi e Strength 


Idealized Diagram Showing the Relations 
Among Mechanical Properties and Micro- 
structure of Annealed and Normalized Cast 
Steels. Microstructures are identified at 
the top of the graph by letters that refer to the 
structures similarly designated in the first 
paragraph of this abstract (page 388). 
Dashed lines represent the properties of 
tempered martensite, and emphasize that all 
the common mechanical properties of tem- 
pered martensite are superior to those of 
other structures of the same tensile strength. 


may be favorable. Furthermore, a 
steel is found occasionally that 
shows better ductility with a den- 
dritic, blocky ferrite structure than 
it does with any other type of 
structure formed when cast steel is 
annealed or normalized. 

In any one cast steel, succes- 
sively better ratios of ductility to 
strength are obtained by faster 
cooling, which leads to the succes- 
sion of structures listed in the first 
paragraph of this abstract. Slight 
or zero loss in ductility and appre- 
ciable gain in strength are obtained 
by moderately rapid cooling that 
produces Widmanstatten ferrite, 
instead of slow cooling that pro- 
duces blocky ferrite. 

(Continued on p. 392) 
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“PRECISION’-FREAS OVEN 





H-52800 


MODEL 120 


PRICE *SODLS 


Other types and models 
available from stock 


H ARSHAW 


Nearly every laboratory has requirements for 
ruggedly constructed, accurately controlled ovens 
for aging, conditioning, drying, pre-heating and 
various other applications. The ‘“‘Precision”’- 
Freas electric heat, automatically controlled, 
gravity and mechanical convection ovens pro- 
vide for extremely wide variations in perform- 
ance requirements. 


Cabinets are durable wall construction built on 
structural steel framework, mounted on a sturdy 
base with heavy, stamped steel legs welded to 
the outer walls. Cabinets are all metal, elec- 
trically welded with no screws or bolts. 


All doors are double walled and packed with a 
3” blanket of glass wool. Thermal insulation, 























safe closing pressure latches insure tight closures, 
Bakelite handles stay cool. 


Inner and outer walls are braced by V-shaped 
struts, constructed so that heat losses are reduced 
to a minimum. A 3” blanket of glass wool insula- 
tion is provided between the inner and outer walls. 


All wiring is fully enclosed, protected by either 
a sheet metal enclosure or conduit and outlet 
box fittings. The wiring, relays, switches, pilot 
lamps and auxiliary electrical devices are ap- 
proved by the U. S. Underwriters Laboratories 
and meet the National Electrical Code. 


Prices subject to change without notice 
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Which is heavier, a pound of 
steel or a pound of feathers? 
—most youngsters have been 
puzzled in their day by this 
hoary old catch question. 

So let us pose another one— 
“Which is the more, a pound 
of steel or a pound of steel?” 

If it is high speed steel that 
you are buying, the answer is: 


a pound of 
Molybdenum steel 


For it is a fact that with Molyb- 
denum high speed steels you 
get more tools from a given 
weight of steel—6% to 9% 
more. Since Molybdenum 
high speed steel is also con- 
siderably cheaper, you can 
make substantial savings in 
the cost of tools by using 
Molybdenum types. 


And the pertormance? 


On actual cutting perform- 
ance the Molybdenum steel 
competes at least equally with 
similar tools of tungsten steel. 
Many makers and users claim 


C performance. 


Climax Molybdénum eee 


500 Fifth Avenue - New York City 


Please send me a copy 
of your FREE BOOKLET 
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(Continued from p. 390) 
Appendices are given dealing 
with the use of Zephiran chloride 
etchant and with the as-cast struc- 
ture and grain size of cast steels. 
Only in this appendix is the as-cast 
structure discussed. 


Paper 18, Session 5 


Effect of Vanadium on 
the Properties of Cast Carbon 
and Carbon-Molybdenum Steels 


By N. A. Ziegler, 
W. L. Meinhart and J. R. Goldsmith 


This is the sixth in the authors’ 
series of papers concerning the 
effects of alloying elements in cast 
steel. Previous contributions have 
dealt with the effects of copper, 
chromium, molybdenum, nickel, 
manganese, and silicon. 

In the present paper, the influ- 
ence of vanadium is reported for 
three types of cast steel: (a) carbon 
steel, (b) 0.5% Mo steel, and (c) 
1% Mo steel. In each of these steels, 
the vanadium content was varied 
from 0 to 0.3%, and the carbon 
content from 0.05 to 0.3%. 

Numerous dilatometer curves 
are presented. 

Thermal sluggishness — studied 
dilatometrically and metallograph- 
ically—-was increased by the 
combined effects of carbon, molyb- 
denum and vanadium, but not by 
vanadium alone in the carbon 
steels. Some residual delta ferrite 
(untransformed) was found in the 
structure of the low-carbon, high- 
molybdenum, high-vanadium steels. 
Increasing vanadium content re- 
duced the pearlite grain size and 
produced some extremely fine 
spheroidal carbides. 

Vanadium moderately increases 
the tensile strength, yield point, 
proportional limit and hardness, 
slightly reduces the ductility and, 
to a considerable extent, reduces 
the impact resistance. These effects 
are more pronounced with higher 
carbon and molybdenum contents. 

Metal-arc welding of these steels 
presented no difficulties with regard 
to cracks and voids. However, 
ductility of the resultant weld 
assemblies was decreased by 
the combined effect of carbon, 
molybdenum and vanadium. 

Vanadium-bearing steels in the 
as-cast condition are more brittle 
than similar compositions without 
vanadium. When the steels are 

(Continued on p. 394) 
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